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Description 

{TECHNICAL FIELD] 

The present invention relates to a meftod for exfo- s 
rating a detached member, and in particular, a transfer- 
ring method for exfoliating a transferred layer 
comprising a thin f im such as a functional thin film and 
for transferring it onto a transfer member such as a 
transparent substrate. Also, tfie present invention 10 
relates to a transferring method of a thin tarn device, a 
thin film device, a thin film integrated circuit device, and 
a liquid crystal display device produced using the same 

[BACKGROUND ART] is 

Production of liquid crystal displays using thin film 
transistors (1 1- is), for example, includes a step for form- 
ing thin ftm transistors on a transparent substrate by a 
CVO process or the Tike. 20 

The thin fflm transistors are classified into those 
using amorphous silicon (a-Si) and those using poly- 
crystalline saicon (p-Si). and those using polycrystafline 
silicon are classified into those formed by a h^h tem- 
perature process and those formed by a low tempera- zs 
ture process. 

Since the formation of such thin fflm transistors on 
a substrate involves treatment at a relatively high tem- 
perature, a heat resistant material, that is, a material 
having a high softening point and a high melting point 30 
must be used as the transparent substrata At present 
in the production of TFTs by high temperature proc- 
esses, transparent substrates composed of quartz 
glass which are sufficiently resistive to a temperature of 
approximately 1,000 °C are used. When TFTs are pro- 35 
duced by low temperature processes, the maximum 
process temperature is near 500 *C. hence heat-resist- 
ing glass which is resistive to a temperature near 500 °C 
is used. 

As described above, a substrate for use in forming 40 
thin f 3m devices must satisfy the conditions for produc- 
ing ftese thin flm devices. The above-mentioned "sub- 
strate" is, however, hot always preferable in view of the 
steps after fabrication of the thin tarn devices on the 
substrate is completed. 45 

For example, in the production process with high 
temperature treatment quartz glass or heat-resisting 
glass is used, however, they are rare and very expen- 
sive materials, and a large transparent substrate can 
barely be produced from the material. so 

Further, quartz glass and heat-resisting glass are 
fragile, easBy broken, and heavy. These are severe dis- 
advantages when a substrate provided with thin film 
devices such as TFTs is mounted into electronic units. 
There is a gap between restriction due to process con- 55 
ditions and preferred characteristics required for prod- 
ucts. Hence it is significantly difficult to satisfy both the 
restriction and preferred characteristics. 



the present invention has been achieved in view of 
such a problem, and has an object to provide an exfolia- 
ting method, which permits easy exfoliation regardless 
of characteristics of the detached member and condi- 
tions for exfoliating, arid transferring to various transfer 
members. Another object is to provide a novel technol- 
ogy which is capable of independently selecting a sub- 
strate used in production of thin film devices and a 
substrate suited to the use of tfie product (a substrate 
having preferable properties for use of the product). A 
further object ts to provide a novel technology not caus- 
ing deterioration of characteristics of thin film devices 
which are transferred onto a substrate, by decreasing 
the optical energy radiated to the separable layer caus- 
ing ablation in the transferring process. 

(DISCLOSURE OF INVENTION] 

1. First, a method for exfoliating a detached mem- 
ber or a transferred layer from a substrate for pro- 
duction is disclosed. The inventions are as follows: 



(1) An exfoliating method in accordance with 
the present invention is a method for exfoliating 
a detached member, which ts present on a sub- 
strate with a separation layer therebetween, 
from the substrate, wherein the separation 
layer is irracfiated with incident light so as to 
cause exfoliation in the separation layer and/or 
at the interface, and to detach the detached 
member from the substrate. 

(2) A method for exfoliating a detached mem- 
ber, which is present on a transparent sub- 
strate with a separation layer therebetween, 
from the substrate, wherein the separation 
layer is irradiated with incident fight from the 
side of (he substrate so as to cause exfoliation 
in the separation layer and/or at the interface, 
and to detach the detached member from the 
substrate. 

(3) A method for exfoliating a transferred layer 
formed on a substrate with a separation layer 
therebetween from the substrate and transfer- 
ring the transferred layer onto a transfer mem- 
ber, wherein after the transfer member is 
adhered to the opposite side of the transferred 
layer to tfie substrate, the separation layer is 
irradiated with incident fight so as to cause 
exfoliation in the separation layer and/or at the 
interface, and to detach the transferred layer 
from file substrate to transfer onto the transfer 
member. 

(4) A method for exfoliating a transferred layer 
formed on a transparent stbstrate with a sepa- 
ration layer therebetween from the substrate 
and transferring the transferred layer onto a 
transfer member, wherein after the transfer 
member is adhered to the opposite side of the 



2 



1 



3 



EP 0 058 110 A1 



4 



transferred layer to the substrate, the separa- 
tion layer is irradiated with incident fight from 
the side of the substrate so as to cause exfolia- 
tion in th separation layer and/or at the inter- 
face, and to detach the transferred layer from s 
the substrate to transfer onto tie transfer mem- 
ber. 

(5) An exfoliating method includes a step for 
forming a separation layer on a transparent 
substrate, a step for forming a transferred layer io 
on the separation layer cfirectiy or with a given 
intertayer therebetween, a step for adhering the 
transfer member to the opposite side of the 
transferred layer to me substrate, and a step for 
irradiating fhe separation layer with incident is 
fight from the side of tfie substrate so as to 
cause exfoliation in the separation layer and/or 
at the interface, and to detach the transferred 
layer from tiie substrate to transfer onto the 
transfer member. 20 



In connection With these inventions, the foflow- 
tng inventions are disclosed. 

After transferring the transferred layer onto the zs 
transfer member, a step for removing the separa- 
tion layer adhering to the side of the substrate 
and/or transfer member may be provided. 

A functional thin f 1m or a tiiin film device may 
be used as the transferred layer Particularly, a thin 30 
film transistor is preferably used as the transferred 
layer. Preferably, the transfer member is a transpar- 
ent substrate 

When the maximum temperature in the forma- 
tion of the transferred layer is Tmax, it is preferred as 
that the transfer member be composed of a mate- 
rial having a glass transition point (Tg) or softening 
point which is lower than Tmax. Particularly, it is 
preferred that the transfer member be composed of 
a material having a glass transition point (Tg) or 40 
softening point which is lower than 800 °C. 

It is preferable that the transfer member be 
composed of a synthetic resin or glass. 

It is preferable that the substrate has thermal 
resistance. In particular, when the maximum tern- 4s 
perature in the formation of the transferred layer is 
Tmax, it is preferred that the substrate be com- 
posed of a material having a distortion point which 
is lower than Tmax. 

In the above-mentioned exfoliating methods, so 
the exfoliation of the separation layer is caused by 
an elimination of or a decrease in the adhering 
force between atoms or molecules in the constitu- 
ent substances in the separation layer. 

ft is preferable that the incident fight be laser ss 
fight Preferably, tfie laser fight has a wavelength of 
100 nm to 350 ran. Alternatively, the laser fight has 
a wavelength of 350 nm to 1 ,200 nm. 



It is preferable frat the separation layer is corr^ 
posed of amorphous silicon Preferably, the amor- 
phous silicon contains 2 atomic percent or more of 
hydrogen (H). 

the separation layer may be composed of a 
ceramic. Alternatively, the separation layer may be 
composed of a metal Alternatively, the separation 
layer may be composed of an organic polymer. In 
this case, it is preferable that the organic polymer 
has at least one adhere selected from the group 
consisting of -CHjj-. -CO-. -CONH-, -NH-, -COO, - 
N=N-, and -CH=N-. Further. H is preferable that tiie 
organic polymer has an aromatic hydrocarbon 
group in the chemical formula. 

2. Next, inventions in which the above-mentioned 
separation layer includes a plurality of composites 
are disclosed These inventions are as follows. 

First, the separation layer in the inventions dis- 
posed in paragraph 1 includes a composite with a 
plurality of layers. Further, the separation layer 
includes at least two layers having different compo- 
sitions or characteristics- 
It is preferable that the separation layer 
includes an optical absorption layer for absorbing 
the incident fight and another layer having a differ- 
ent composition or property from the optical 
absorption layer. Preferably, the separation layer 
includes the optical absorption layer for absorbing 
tiie incident light and a shading layer for shading 
tie ftKident fight Preferably, the shading layer ties 
at the opposite side of the optical absorption layer 
to the incident light. Preferably, the shading layer is 
a reflection layer for reflecting the incident fight 
Preferably, the reflection layer is composed of a 
metallic thin film 

3. A method for transferring a thin film device, which 
is used as a detached member or a transferred 
member, will now be disclosed. 

A method for transferring a thin film device on a 
substrate onto a transferred member includes: a 
step for forming a separation layer on the substrate; 
a step for forming a transferred layer incfudihg the 
thin film device onto the separation layer: a step for 
adhering fhe transferred layer including the thin f 1m 
device to the transfer member with an adhesive 
layer, a step for irradiating the separation layer with 
light so as to cause exfoliation in the separation 
layer and/or at the interface; and a step for detach- 
ing the substrate from the separation layer. 

In accordance with the present invention, for 
example, a separation layer having optical absorp- 
tion characteristics is provided on a substrate hav- 
ing high refiabi fity in devfoe production, and thinflm 
devices such as TFTs and the like are formed on 
the substrate Next, although not for firnrtation. the 
thin film devices are adhered to a given transfer 
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member, for example, with an adhesive layer, so as 
to cause ah exfoliation phenomenon in the separa- 
tion layer, which results in a decrease in adhering 
between the separation layer and the substrata 
The sttetrate is detached from the thin film devices s 
by the force applied to the substrate. A given device 
With high refiabiliry can be thereby transferred or 
formed onto any transfer rnernbers. 

In the present invention, either the step tor 
adhering the thin film dwices (the transferred layer io 
induing the thin flm devices) to the transfer mem- 
bee wim the adhesive layer or the step for detaching 
the substrate from the thin fUm devices may pre- 
cede; When handling of the thai film devices (the 
transferred layer including the frtn flm devices) is 
after detaching the substrate is troublesome, how- 
ever, tt is preferable that the thin turn devices be 
adhered to trie transit member, and then the sub- 
strate be detached. 

When ah adhesive layer for adhering the thin 20 
flm devices to ttie transfer member is. for example, 
a substance having planation, the uneven face 
formed on the surface of the transferred layer 
including the thin film devices is negligible by the 
pJanafion, the adhering to the transfer member is 25 
satisfactorily performed, The substrate may be a 
transparent substrate, and thus the separation layer 
is irracfiated with the fight tiirough the transparent 
substrata The use of. for example, a transparent 
substrate; eg. a quartz substrate, permits produc- so 
tion of thin film devices with high reliability and col- 
lective irradiation of the entire separation layer with 
the light from the rear side of the substrate, result* 
ing in an improvement in the transfer efficiency. 

35 

4. Inventions m which parts of the steps, disclosed 
in the above-mentioned paragraph 3, in the method 
for transferring the thin ftm device win now be dis- 
closed. These inventions are as follows: 

40 

(1) A method for transferring a transferred layer 
including a thin flm device forming on a sub- 
strate onto a transfer member comprising: a 
fast step for forming an amorphous silicon layer 
on the substrate; a second step for forming the 45 
transferred layer including the thin fdrn device 
on the amorphous sScon layer; a third step for 
adhering the transferred layer including the thin 
f3m device to the transfer member with an 
adhesive layer; a fourtii step for irradiating the so 
amorphous sfficon layer with light through the 
substrate so as to cause exfoliation in the 
amorrjhous silicon layer and/or at the interface 
and to decrease the adhering force between 
the substrate and the transferred layer; and a 55 
fifth step for detaching the substrate from the 
. amorphous silicon layer; wherein the trans- 
ferred layer formed in the second step includes 



a thin film transistor, and th thickness of the 
amorphous silicon layer formed in the first step 
is smaller than the fttekness of the channel 
layer of the thin f am transistor formed in the 
second step. 

In thfe invention, the amorphous silicon 
layer is used as the layer formed on the sub- 
strate in the first step and causes exfofiatfon by 
light rracGafon. In me amorphous sificon layer 
as shown In Fig. 39. optical energy, which Is 
radiated in the amorphous silicon layer and 
which is required for exfoRation (referred to as 
ablation in Rg. 39). decreases as the thickness 
decreases. 

The transferred layer formed cn the second 
step includes the thin film transistor as a thin 
film device, its channel layer is formed of sili- 
con, eg., pdycrystalfine sScon or amorphous 
silicon, and the transferred layer has a thick- 
ness of more than 25 nm, for example, approx- 
imately 50 nm. In this invention, the thickness 
of the amorphous silicon as the separation 
layer (ablation layer) formed in the first step is 
smaller than that of the channel layer of the thin 
film transistor in the transferred layer. The 
energy consumed in the light irradiation step 
therefore decreases, and the light source can 
be miniaturized. Further, since optical energy 
toy irraolation is low, the deterioration of me ttiin 
film device is suppressed if the light leaked 
from the amorphous sificon layer rs incident on 

Now, the tiitckness of the amorphous sifi- 
con layer is set to 25 nm or less. As described 
above, the optical energy, which is radiated in 
the amorphous silicon layer and which is 
required for exfofiatfon. decreases as the thick- 
ness decreases, hence the optical energy is 
signtfeantiy low at mis thickness. It is prefera- 
ble that the thickness of the amorphous sificon 
layer be in a range from 5 nm to 25 nm, more 
preferably 15 nm or less, and most preferably 
11 nm or less in order to further decrease the 
optical energy, which is radiated in the amor- 
phous slcon layer and which is required for 
exfofiatfon. 

In toe second step, tiie amorphous silicon 
layer is formed by a tow pressure chemical 
vapor deposition (LPCVD) process. The amor- 
phous sificon layer formed by the LPCVD proc- 
ess has a higher aaheston compared with a 
plasma CVO process, an atmospheric pres- 
sure (AP) CVD process, or an ECR process, 
hence there is not much risk of failures, such as 
evolution of hydrogen and flaking of the film, 
during the formation of the transferred layer 
including the thin film device. 
(2) A method for transferring a transferred layer 
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including a thin film device on a substrate onto 
a transfer member comprising: a step for form- 
ing a separation layer onto the substrate; a step 
for forming a sfficon-based optical absorption 
layer on the separation layer ; a step for forming s 
the transferred layer in^ufing the ttan film 
device on the silicon-based optical absorption 
layer; a step for adhering the transferred layer 
including the thin fflm device to the transfer 
member with an adhesive layer; a step for irra- w 
diating the separation layer with fight through 
the substrate so as to cause exfoliation in the 
separation layer and/or at the interface, and a 
step for detaching the substrate from the sepa- 
ration layer. 15 

tn accordance with this invention, if tight 
leaks from the separation layer, the leaked fight 
is absorbed in the saicon-based optical absorp- 
tion layer before it is incident on the thin film 
device. No fight is therefore incident on the thin 20 
film device, hence the thin fini device is pre- 
vented from characteristic deterioration due to 
the irxaderit fight The transferred layer includ- 
ing the thin film device can be formed on the sil- 
icon-based optical absorption layer. Metallic 25 
contamination w3l therefore not occur as in the 
case forming the transferred layer onto a metal- 
lic layer reflecting light, and the thin film device 
can be formed by an established thin film dep- 
osition technology. 30 

The separation layer: and the optical 
absorption layer are formed of arnorphous sili- 
con, and a step for provkfing a saicon-based 
Intervening layer between the separation layer 
and the optical absorption layer. As shown in 35 
Pig: 39, fte amorphous silicon layer, which 
absorbs the incidertt fight and separates when 
the energy of the absorbed light reaches a 
given value, is used as the separation layer and 
the silicon-based optical absorption layer. As 40 
the intervening layer for separating the two 
amorphous silicon layers, a silicon compound, 
for example, sfficon codde, is used. 
(3) A method for transferring a transferred layer 
including a thin fim device on a substrate onto 4s 
a transfer member comprising: a first step for 
forming a separation layer on the substrate; a 
second step for forming tie transferred layer 
including the thin fdm device on the separation 
layer; a third step for adhering the transferred so 
layer inducing the thin film device to the trans- 
fer member with an adhesive layer; a fourth 
step for irradiating the separation layer with 
light through the substrate so as to cause exfo- 
liation in the separation layer and/or at the ss 
interface; and a fifth step for detaching the sub- 
strate from the separation layer; wherein, in the 
fourth step, the stress, acting on the upper lay- 



ers above the separation layer in the exfoliation 
in the separation lay er arid/or at toe interface, is 
absorbed by the proof stress of the upper lay- 
ers above the separation layer to prevent the 
deformation or breakage of tie upper layers 
above the separation layer. 

In the fourth step, the substances in the 
separation layer are optically or thermafly 
exerted by trie incident fight to cut bonds of 
atoms or molecules on the surface and in the 
interior and liberate the molecules and atoms 
to the exterior. This phenomenon is observed 
as phase transition; such as melting or evapo- 
ration, of the partial or entire substances in the 
separation layer. A stress acts on the upper lay- 
ers above the separation layer as the mole- 
cules or atoms are released. The stress is, 
however, absorbed by the proof stress of the 
upper layers above the separation layer so as 
to prevent deformation or breakage of the 
upper layers above the separation layer. 

The materials and/or thicknesses of the 
upper layers above the separation layer may be 
designed in view of such a proof dress. For 
example, one or more among the thickness of 
the adhesive layer, the thickness of the trans- 
ferred layer, me material, and the thickness of 
the transfer member is designed in view of the 
proof stress. 

Before performing the fourth step, the 
method further includes a step for forming a 
reinforcing layer for ensuring toe proof stress at 
any position among the upper layers above the 
separation layer. In this invention, if the proof 
stress is not ensured only by #*e rrurt mum con- 
figuration of the upper layers above the separa- 
tion layer; consisting of the adhesive layer, the 
transferred layer, and the transfer member, 
deformation and breakage of the thin film 
device is prevented by adding the reinforcing 
layer. 

(4) A method for transferring a transferred layer 
including a thin film device on a substrate onto 
a transfer member cornprising: a first step for 
forming a separation layer on the substrate; a 
second step for forming the transferred layer 
including the thin f rim device on the separation 
layer; a third step for adhering the transferred 
layer mcluding the thin film device to the trans- 
fer member with an adhesive layer; a fourth 
step for irradiating the separation layer with 
light through the substrate so as to cause exfo- 
liation in the separation layer and/or at the 
interface; and a fifth step for detaching the sub- 
strate from the separation layer; wherein, the 
fourth step includes sequential scanning of 
beams for locally inarJating the separation 
layer, such that a region irradiated by the N-th 
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beam (wherein H Is an integer of 1 or more) 
does not overlap with other irradiated regions. 

In the fourth step, beams, such as spot 
beams or line, beams, for locally 
separation layer are imermittently scanned so s 
that substantially all the surface of the separa- 
tion layer is irradiated with fight the beam 
scanning is achieved by relative movement 
between the substrate provided with the sepa- 
ration layer and the beam source or its optical io 
system, and irradiation may be continued or 
discontinued during the relative movement In 
this invention, the intermittent beam scanning 
is performed so that the adjacent beam-irradi- 
ated regions do not overlap with each ofrier. is 

If the beam-irradiated regions overlap, the 
region may be irradiated with an excessive 
amount of fight which will cause exfoliation in 
the separation layer or at the interface. It is clar- 
ified by analysis by the present inventor that an 20 
excessive amount of light partially leaks, is inci- 
dent on the thin film device, and causes the 
deterioration of electrical characteristics and 
the tike of the thin fflm device. 

In the present invention, the separation 25 
layer is irradiated with such an excessive 
amount of tight hence the original characteris- 
tics of the thin film device are maintained after 
the thin ftm device is transferred onto the trans- 
fer member. A zone between irtf vidua) beam- so 
irradiated regions may be a low irracfiation zone 
in which light is incident during the relative 
movement or a non -irradiation zone in which no 
light is incident during the relative movement 
Exfoliation does not occur in the low irradiation 35 
zone or non-irradiation zone, the acBiesion 
between fie separation layer and the substrate 
can be remarkably reduced 

In the following two inventions, each beam 
for preventing or suppressing the characteristic 40 
deterioration of the thin film device is deter- 
mined in different views from the invention in 
paragraph (4). 

In the fourth step of the first invention, 
beams are sequentially scanned to irradiate 45 
locally the separation layer, each beam has a 
flat peak region haying the maximum optical 
intensity in the center, and a region irradiated 
by the N-th beam (wherein N is an integer of 1 
or more) does not overlap with other irradiated so . 
regions. 

In toe fourth step of, die other invention, 
beams are sequentially scanned to irradiate 
locally the separation layer, each beam has the 
maximum optical intensity in the central region, ss 
and an effective region irradiated by the N-th 
beam (wherein N is an integer of 1 or more) 
having an intensity, which is 90% or more of the 



maximum intensity, does not overlap with the 
other effective regions irradiated by other beam 
scanning. 

Since individual beams are scanned so 
that the flat peaks of toalvirJual beams or the 
effective regions having intensities which are 
90% or more of the maximum intensity do not 
overlap with each other, two beams are contin- 
uously scanned in the same region in the sep- 
aration layer. 

The total irradiated beam (sum of the opti- 
cal intensity x time) in tie same region is tower 
than that when tr» flat peaJc reg^ or the effec- 
tive region having intensities which are 90% or 
more of the maximum intensity is set aft the 
same position in the two consecutively 
scanned beams. As a result the separation 
layer may separate after toe second scanning 
in some regions, and this case does not corre- 
spond to the excessive irradiation. In another 
case, even 3 toe separation layer separates in 
the fust scanning, the intensity of the light inci- 
dent on the thin film device in the second scan- 
ning is decreased, hence the deterioration of 
the electric characteristics of the thin film 
device can be prevented or reduced. 

In the thin film device formed on a given 
substrate by a transfer technology of the thin 
film device (the thin film structure} in accord- 
ance with the present invention, the deteriora- 
tion of various characteristics can be prevented 
or reduced by improving the irradiating step for 
exfo&ating the separation layer. 

When the thin film device is a tfin film tran- 
sistor (TFT), the improved irradiation step for 
exfofiating the separation layer can prevent the 
breakdown of the TFT due to a decreased on- 
current flow and an increased off-current flow 
in the channel layer of the TFT damaged by the 
incident tight 

5. Further, the following inventions are disclosed in 
connection with the above-mentioned inventions. 

A step for removing the separation layer 
adhered to the transfer member is rxovided for 
completely removing the unnecessary separation 
layer. 

The transfer member is a transparent sub- 
strata For example, inexpensive substrates such 
as a soda glass substrate and flexible transparent 
plastic fflms may be used as the transfer member. 
When the maximum temperature of the transfer 
member during the formation is Tmax. the transfer 
member is composed of a material having a glass 
transition point (Tg) or softening point which is 
tower than Tmax. 

Although such inexpensive glass substrates 
etc. have not been used because they are not rests- 



} 



i h 



11 EP 0 658 

tive to the maximum temperature of the conven- 
tionail device production processes, they can be 
used in the present invention without restriction. 

The glass transition point (Tg) or softening 
point of the transfer member is tower than the max- s 
imum temperature in the process for forming the 
thin film device. The upper imit of the glass transi- 
tion point (Tg) or softening point is defined, the 
transfer member is composed of a synthetic resin 
or a glass materia). For example, when the thin film 10 
device is transferred onto a flexible synthetic resin 
plate such as a plastic firn, excellent characteristics 
which are not' obtainable in a glass substrate with 
high rigkfity can be achieved- When the present 
invention is applied to a liquid crystal device, a flex- is 
tola lightweight display device which is resistive to 
shock damage can be achieved. 

Also, a thin film integrated circuit such as a sin- 
gle-hip rrtcrocomputer including TFTs can be 
formed by transferring the TFTs on a synthetic resin 20 
substrate by the above-mentioned transferring 
rneftod. 

An inexpensive substrate such as a soda-glass 
substrate can also be used as the transfer member. 
A soda-glass substrate is inexpensive and thus has 25 
economical advantages. Since alkaline compo- 
nents are dissolved from the soda-glass substrate 
during annealing of the TFT production, rt has been 
difficult to apply active matrix liquid crystal display 
devices. In accordance with the present invention, 30 
however, since a completed thin film device is trans- 
ferred, the above-mentioned problems caused by 
the annealing will not occur. Accordingly, substrates 
having problems in the prior art technologies, such 
as a soda-glass substrate, can be used in tie field 35 
of active matrix liquid crystal display devices. 

The substrate has thermal resistivity : The thin 
tarn device can be annealed at a high temperature 
in the production process, and the resulting; tiun tUm 
device has high reliability and high performance. 40 

The substrate has a transmrttance of 10% or 
more for the 310nm fight The transparent substrate 
can supply optical energy sufficient to ablation in 
the separation layer. 

When the maximum temperature in the forma- 45 
tion of the transferred layer is Tmax. the substrate is 
composed of a material having a Portion point of 
Tmax or more: The thin f3m device can be treated 
at a high temperature in the production process, 
and Che resulting thin film device has high reliabarty so 
and high performance. 

The separation layer may be composed of 
amorphous sificon: The amorphous silicon can 
absorb fight, can be easily produced, and has a 
highly practiced use. 55 

The amorphous sificon contains 2 atomic per- 
cent or more of hydrogen (H): When the amorphous 
saicon containing hydrogen is used, hydrogen is 
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released by light irradiation, and ah internal pres- 
sure occurs in the separation layer to promote exfo- 
Ration in the separation layer. The amorphous 
sificon may contain 10 atomic percent or more of 
hydrogen (H). The exfoliation m the separation layer 
is further accelerated by the increased hydrogen 
content 

Alternatively, the separation layer may be com- 
posed of silicon nitride: When using sificon nitride 
as a separation layer, nitrogen is released by light 
irradiation to promote exfoliation in the separation 
layer. 

Alternatively, the separation layer may be com- 
posed of a hydrogen-containing alloy: When using 
a hydrogen-containing alloy; hydrogen is released 
by light irradiation to promote exfoliation in the sep- 
aration layer. 

Alternatively, the separation layer may be com- 
posed of a nitrogen-containing alloy: When using a 
nitrogen-containing afioy, nitrogen is released by 
fight irradiation to promote exfoliation in the separa- 
tion layer. 

The separation layer may be composed of a 
multi-layered film: Trie separation layer is therefore 
not limited to a single-layered f3m The multi-lay- 
ered him is composed of an amorphous sificon firn 
and a metallic fton formed tiiereon. 

The separation layer may be cornposed of at 
least brie material selected from the group consist- 
ing of ceramics, metals, and organic polymers. 
Usable metals include, for example, hydrogen con- 
taining afioys and nitrogen containing alloys. As in 
amorphous sificon, exfoliation in the separation 
layer is accelerated by the evolution of gaseous 
hydrogen or nitrogen by fight irradiation. 

The fight is laser fight User fight is coherent 
fight and is suitable for causing exfoliation in the 
separation layer. The laser Roht has a wavelength of 
100 nm to 350 run. The short-wave, high energy 
laser tight results in effective exfoliation in the sepa- 
ration layer. An example of such a laser is an exd- 
mer laser. The excimer laser is a gas laser which is 
capable of outputting laser light with high energy, 
and four typical types of laser light can be output 
(XeF = 351 nm, XeCI = 308 nm, KirF = 246 nm. ArF 
= 193 nm) by combinations of rare gasses (Ar, Kir. 
and Xe) and halogen gasses (F 2 and Hd) as laser 
media. By excimer laser kracfiation, direct scission 
of molecular adheres and gas evolution win occur in 
trie separation layer provided on the substrate, 
without thermal effects. 

The laser tight may have a wavelength of 350 
nm to 1.200 nm For the purpose of imparting exfo- 
liation characteristics to the separation layer by 
changes, such as gas evolution, vaporization, and 
subfimatioa laser fight having a wavelength of 350 
nm to 1,200 nm can also be used 

The thin film device may be a thin film transistor 
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(TFT). The TFT may be a CMOS-type TFT. 

A high-performance TFT can be transferred 
(formed) on a given transfer member without 
restriction. Various electronic circuits can therefore 
be mounted on the transfer member. Accordingly, 
by the above-menti oned inventions, a thin film inte- 
grated circuit device including the thin fflm device 
transferred onto the transfer member is achieved. 
Also, a iqutd crystal display device induing an 
active matrix substrate, which is produced by the 
transfer of the thin fUm transistors in the pixel 
region, is achieved, wherein the pixel region 
includes a matrix of thin film transistors and pixel 
electrodes each connected to one end of each thin 
film transistor. 

[BRIEF DESCRIPTION OF DRAWINGS] 



1 to 8 are cross-sectional views of steps in a 
first embodiment of ah exfoliating method in accordance 
witfi the present invention. 

Figs. 9 to 16 are cross-sectional views of steps in a 
second embodiment of an exfofiating method in accord- 
ance with the present invention. 

Rgs. 17 to 22 are cross-sectional views of steps in 
a third ernbocfi merit of a method for transferring a thin 
f 9m device in accordance with the present invention. 

Fig. 23 is a graph aiustrating a change in the trans- 
mittance of a first substrate (a substrate 100 in Fig. 17) 
to the wavelength of laser fight 

Figs. 24 to 34 are cross-sectional views of steps in 
a fourth embodiment of a method for transferring a thin 
f9m device in accordance with the present invention. 

Figs. 35(a) and 35(b) are isometric views of a 
microcornputer produced in accordance with the 
present invention. 

Rg. 36 is a schematic view illustrating a configura- 
tion of a liquid crystal display device. Fig. 37 is a sche- 
matic view fflustrating a configuration of the main 
section in a liquid crystal cSsplay device. 

Fig. 38 is a cross-sectional view of another embod- 
iment of a method for transferring a thin f 9m device in 
accordance with the present invention. 

Fig. 39 is a graph of a relationship between optical 
energy absorbed in the separation layer and the thick- 
ness of the separation layer, for illustrating ablation in 
the separation layer which is composed of amorphous 
silicon. 

Fig. 40 is a cross-sectional view of another embod- 
iment in which an amorphous slicon layer as an optica! 
absorption layer is formed on an amorphous siflcon 
layer as a separation layer with a sOicon-based interven- 
ing layer therebetween. 

Rg. 41 is a cross-sectional view of another embod- 
iment in which a sificon-based optical absorption layer 
composed of a material which is different from that of a 
separation layer is formed on the separation layer. 

Figs. 42(A) to 42(E) are cross-sectional views of 



10 



15 



20 



35 



40 



45 



50 



55 



another embodiment in which a reinforcing layer is pro- 
vided to prevent deformation or breakage of a thin film 
device during exfoliation of a separation layer. 

Rg. 43 is a schematic view iflustrating a scanning 
operation of beams onto a separation layer in a step in 
a method lor transferring a thin film device in accord- 
ance with the present invention. Fig. 44 te a plan view 
aiustrating beam scanning in Rg. 42. Fig. 45 is a sche- 
matic view illustrating another embodiment of a scan- 
ning operation of beams onto a separation layer in a 
step in a method for transferring a thin «m device in 
accordance with the present invention. Fig. 46 is a 
graph of characteristic curves illustrating an intensity 
distribution of beams used in the beam scanning shown 
in Fig. 45. Rg. 47 is a graph of characteristic curves 
aiustrating another intensity distribution of beams used 
in the beam scanning shown in Fig. 45. 

{BEST MODE FOR CARRYING OUT THE INVENTION] 

Embodiments of the exfoliating method in accord- 
ance with tie present invention will now he described in 
detaB with reference to the attached drawings. 



25 (First Embodiment] 

Rgs. 1 to S are cross-sectional views of steps in a 
f irst embocfirnent of an exfoliating mefliod in accordance 
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method (transferring method) in accordance 
present invention will now be described. 



the 



[1] As shown in Rg. 1, a separation layer (optical 
absorption layer) 2 is formed on one side (an inner 
surface 11 forming exfoliation) of a substrate 1. It is 
preferable that the substrate 1 has transparency to 
allow incident light 7 to pass through from the side 
of the substrate 1 . The transmittance of the incident 
light 7 is preferably 10% or more, and more prefer- 
ably 50% or mora A significantly tow transmittance 
causes a large loss of the incident tight 7, hence a 
larger amount of fight is required for exfoliation of 
the separation layer 2. 

The substrate 1 is preferably composed of a 
material with high reliability, and particularly com- 
posed of a heat-resistant material. When forming a 
transferred layer 4 and an interiayer 3 as described 
later, a process temperature will increase depend- 
ing on the types or formation processes (for exam- 
ple, from 350 °C to 1,000 °C). In such a case, if the 
substrate 1 has excellent heat resistance, the con- 
ditions for forming tiie films, such as a temperature, 
are widely changed in tiie formation of the trans- 
ferred layer 4 and the tike on the substrate 1. 

When the maximum temperature in the forma- 
tion of the transferred layer 4 is Tmax, it is prefera- 
ble that the substrate 1 be composed of a material 
having a distortion point of Tmax That is. it is pref- 
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erable that the material for the substrate 1 has a 
distortion point of 350 °C or more, and more prefer- 
ably 500 °C or more. Examples of such materials 
include heat-resistant glass, such as quartz glass, 
soda glass. Coming 7059. and OA-2 made by Hp- 6 
pon Electric Glass Co.. Ltd. 

When the process temperature is decreased in 
the formation of the separation layer 2. intenayer 3. 
and transferred layer 4, the substrate 1 can be com- 
posed of ah inexpensive glass material or syntfietic w 
resin having a lower melting point 

Although the thickness of the substrate 1 is not 
limited, it is preferable that the thickness be gener- 
ally about 0.1 to 5:0 mm, and more preferably 0.5 to 
15mm. A remarkably small thickness of the sub- is 
strate 1 causes decreased mechanical strengtfi. 
whereas an excessively large thickness causes a 
large loss of the incident fight 7 if tfie substrate 1 
has a low transmrttance When the substrate 1 has 
a high transrntttance for the incident fight 7, the 20 
thickness may be larger than the above-mentioned 
upper limit 

ft is preferable that the thickness of tfie sub- 
strate 1 at the portion for forming the separation 
layer be uniform for achieving uniform irradiation by 2s 
the incident fight 7. The inner surface 11 forming 
exfoliation and the fight-incident surface 12 of the 
substrate are not finvted to the planar form; and 
may also be curved, in tfie present invention, the 
substrate 1 is not removed by etching etc . but the so 
substrate 1 is removed by exfoliation in the separa- 
tion layer 2 provided between the substrate 1 and 
the transferred layer 4, hence the operation is easy, 
and the substrate 1 has high selectivity, for exam- 
ple, a relatively high friickness. as 

The separation layer 2 will now be described, 
the separation layer 2 absorbs the incident light 7 
to cause exfoliation in the layer and/or at an inter- 
face 2a or 2b (hereinafter referred to as "internal 
exfoliation" and ^ritenacial exfoliation"). Irradiation 40 
by the incident light 7 causes an elimination or 
reduction of the adhering force between atoms or 
molecules in the constituent substance of the sepa- 
ration layer 2, that is, abiation. and internal andfor 
interfacial exfotiation will occur as a result Further. 45 
in some cases, gas win be released from the sepa- 
ration layer 2 by the incident light 7, resulting in the 
exfoliation. Consequently/ there are two exfoBatton 
mechanisms, that is, releasing components con- 
tained in tie separation layer 2 as gas. and tnstan- so 
taneous vaporisation of the separation layer 2 by 
absorption of the fight followed by release of the 
vapor. 

Examples of the cotnpositicm for the Separation 
layer 2 are the following {1) to (6): ss 

(1) Amorphous silicon (a-Si). 

Amorphous sificon may contain hydrogen 



(H); In this case; it ts preferable that the hydro- 
gen content be approximately 2 atomic percent 
or more, and more preferably 2 to 20 atomic 
percent When a given amount of hydrogen is 
contained, hydrogen is released by irracfiation 
of the incident light 7. and an internal pressure, 
which win act as a force lor delarrtfnating the 
upper and lower thin films, occurs in tie sepa- 
ration layer 2; The hydrogen content in the 
amorphous silicon can be controlled by deter- 
mining the fflm forming conditions, for example, 
the gas composition, gas pressures, gas 
atmospheres. gas flow rates, temperature, sub- 
strate temperature, and input power in the CVD 
process. 

(2) Oxide ceramics, dielectrics (ferodectrics) 
and semkxwTductors. such as sificon oxides 
and sificates, titanium oxides and tHanates. zir- 
conium oxide and zirconates, and lanthanum 
oxide and lanthanates: 

Examples of silicon oxides include SiO. 
SiOa, and SiaQs, and examples of silicates 
include KaSiO.. LfeSiQa. CaSK%, ZrSiQ* and 
Na2Sr0 3 . Examples of titanium oxides include 
TK>. r^Q3, and 'TO. and examples of trtanates 
include BaTi0 4 . BaTi0 3 . Ba 2 Ti 9 O20. BaTi^0 1l4 
CaTiQa, SrTiQg PbTiCk, MgrOg ZrTiOg. 
SnTiO* AI2T1O5, and FeTO3 Examples of zir- 
conium oxides include ZrOa. arid examples of 
zirconates include BaZrO^. ZrSiO* ttZtOz. 
MgZrOa. and K^ZrOa. 

(3) Ceramics and cfielectrics(ferroeledrics). 
such as PZT, PLZT. PUtZT and PBZT: 

(4) Nitride ceramics, such as silicon nitride, alu- 
minum nitride, and titanium nitride: 

(5) Organic polymers: 

Usable organic polymers have linkages 
(which are cut by irradiation of the incident tight 
7), such as -CH2-, -CX>(ketone) t -CONH- 
(amkJo), -NH- ftmido). -COO- (ester). -N«N- 
(azo). and -CH=N- fisocyano). In particular, 
any organic polymers having large riumbers of 
such finkages can be used. The organic poly- 
mers may have aromatic hydrocarbon (one or 
more benzene ring or fused ring) in the chemi- 
cal formulae. Examples of the organic poly- 
mers include polyolef ins. such as polyethylene, 
and polypropylene; polyirrddes; polyarnkies; 
polyesters; polymethyl methacrytate (PMMA); 
polyphenylene sulfide (PPS); pdyett>er sutfone 
(PES); and epoxy resins. 

(6) Metals: 

Examples of metals include Al. Li. Ti, Mn, 
In, Sn. Y, La. Ce, Nd. Pr. Gd. and Sm; and 
alloys containing at least one of these metals. 

the thickness of the separation layer 2 
depends on various conditions, such as the pur- 
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pose for exfoliation, tfie composition of the separa- 
tion layer 2, the layer configuration, arid the method 
for forming the layer* and has a thickness of ^ener- 
ally about 1 nrn to 20 ^m, preferably about 10nmto 
2 urn, and more preferably about 40 ran to 1 fim. A 5 
stgnfficantfy small thidaiess requires a larger 
amount of incident light 7 In order to secure excel- 
lent exfoliation characteristics of the separation 
layer 2, and an operational time for removing the 
separation layer ? in toe succeeding step, ft is pref- 10 
erabie that the thickness of the separation layer 2 
be as uniform as possible. 

The method for forming the separation layer 2 
is hot Smited, and is determined depending on sev- 
eral conditions, such as the Am composition and is 
thickness- Examples of the methods include vapor 
phase deposition processes, such as CVD (includ- 
ing MOCVO, low pressure CVD, ECR-CVD), evapo- 
ration, molecular beam (MB) evaporation, 
sputtering, ion-plating, and PVD; plating processes, 20 
such as electro-plating, di-plating (capping), and 
electroless-plafing; coating process, such as a 
Langmuif-Blodgett process, spin-coating process, 
spray-coating process, and roll-coating process; 
printing processes; transfer processes; ink-jet proc- zs 
esses; and powder-jet processes. A combination of 
these processes may also be used. For example. 
When the separation layer 2 is composed of amor- 
phous silicon (a-Si), it is preferable that the layer be 
formed by a low pressure CVD process or a plasma so 
CVD process. Alternatively, when the separation 
layer 2 is composed of a ceramic by a sot-gel proc- 
ess, or an organic polymer, it is preferable that the 
layer be formed by a coating process, and particu- 
larly a spirhcoating process. The separation layer 2 as 
may be formed by two or more steps (for example, 
a layer-forming step arid an annealing step). 
J2J As shown in Fig. 2, an interlayer (underlying 
layer) 3 is formed on the separation layer 2. 

The interlayer 3 is formed for various purposes, 40 
for example, as a protective layer which physically 
and chemically protects the transfened layer 4 dur- 
ing production and use, an insulating layer, a con- 
ductive layer, a shading layer for the incident light 7. 
a barrier layer prohibiting migration of components 45 
to or from the transferred layer 4, and a reflection 
layer. 

The composition of the interlayer 3 is deter- 
mined by its purpose. For example, the interlayer 3. 
formed between the separation layer 2 composed 50 
of amorphous sHicon and the transferred layer 4 
including a thin fim transistor, is composed of sili- 
con oxides such as Si0 2 . Mernativety, the inter- 
layer 3, formed between the separation layer 2 and 
the transferred layer 4 induc5ng PZT, is composed ss 
of a metal, such as Pt Au, W, Ta, Mo, Al, Cr, or Ti. 
or an alloy primarily containing such a metal The 
thickness of the interlayer 3 is determined in 



response to the purpose and functions, and ranges 
generally from about 10 nm to 5 pm, and preferably 
about 40 nm to 1 jim. The interlayer 3 may be 
formed by the same method as for the separation 
layer 2. The interlayer 3 may. be formed by two or 
more steps. 

The interlayer 3 may include two or more layers 
having the same composition or different composi- 
tions. In the present invention, the transferred layer 
4 may be formed directly on the separation layer 2 
without forming the interlayer 3. 
(3] As shown in Rg: 3, a transferred layer (detached 
mernber) is formed on the interlayer 3. The trans- 
ferred layer 4 win be transferred onto a transfer 
member 6 later, and is formed by the same method 
as in the separation layer 2. 

The purpose for forming the transferred layer 4 , 
arid type, shape, structure, composition, and physi- 
cal arid cherricai characteristics of the transf erred 
layer 4 are not Gmtted, and it is preferable that the 
transferred layer 4 be a thin film, and particularly a 
functional thin f flm or thin f ifm device. Examples of 
functional thin films and thin Film devices include 
thin film transistors; thin film diodes; other thin film 
semiconductor devices; electrodes (eg. transpar- 
ent electrodes such as ITO and mesa films); photo- 
voltaic devices used in solar batteries arid Image 
sensors; switching devices; memories; actuators 
such as piezoelectric devices; irricromirrors (piezo- 
electric thin f&n ceramics); recording mecfia such 
as magnetic recording mecfia, magnetbropScal 
recording mecfia, and optical reccing media; mag- 
netic recording thin «m heads, coils, inductors and 
frrin film high permeabifity materials, and micro- 
magnetic devices composed of combinations 
thereof; optical thin films such as faters, reflection 
fflms, ctichroic mirrors, and polarizers; semiconduc- 
tor thin films; superconducting thin films, eg. YBCO 
thin films; magnetic thin films; and multi-layered thin 
flms, such as metallic rrtulti-iayered thin films. 
" metaflfo-ceramic multi-layered thin fflms, metaffic 
multi-layered semiconductor thin fims. ceramic 
multi-layered sem^ and murti- 

layer ed trrai films hx^ff^g orgarac layers and other 
layers. Among th^ 

rrbcro-magnetic devices, three-dimensional micro- 
articles, actuators, and rrecromirrors is useful 

Such a functional thin fim or thin film device is 
formed by a relatively high process temperature 
because of the method for forming it The substrate 
1 must therefore be a highly refiable material which 
is resistant to the high process temperature, as 
deserved above 

The transferred layer 4 may be a single layer or 
a composite of a plurality of layers. The transferred 
layer, such as a thin film transistor, may have a 
given pattern. The formation (deposition) and pat- 
terning of the transferred layer 4 is performed by a 
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predetermined process. The transferred layer 4 is 
generally formed by a plurality of steps. 

The transferred layer 4 including thin film tran- 
sistors is formed by. for example, the methods 
described in Japanese Patent t^jbScatkw No. 2- s 
50630. and H. Ohsirna et aJ.: international Sympo- 
sium Digest of Technical Papers SID 1983 "BAN 
and Color LC Video Display Addressed by Pot/ Si 



The thickness of tfie transferred layer 4 is not 
limited, and is determined in response to various 
factors, e.g. purpose; function, composition, and 
chan^eristics. When the transferred layer 4 
includes thin film transistors, its total thickness is 
preferably 6.5 to 200 jim. and more preferably 0.5 
to 1 0 urn. In the case of other thin films, the prefer- 
able ttvckness has a more wider thickness range, 
for example, 50 nm to 1 .000 pm. 

1 The transferred fayer 4 is not limited to the 
above-described thin films, and may be thick flms, 
such as coating films and sheets, and transfer 
materials or separable materials, such as powder, 
not forming tims or layers. 

[4] As shown in Fig. 4, an adhesive layer 5 is formed 
on the transferred layer (a detached member) 4, 
and a transfer member 6 is adhered witfi the adhe- 
sive layer 5. Examples of preferable adhesives 
forming the adhesive layer 5 include curable acfrie- 
sives, for example, reactive curing adhesives, heat- 
hardening adhesives, phcrto-setting adhesives such 
as UV-curing adhesives, aid anaerobic curing 
adhesives: Examples of types of adhesives include 
epoxys, acrylates. and saicones. The adhesive 
layer 5 is farmed by. for example, a coating process. 

When using a curable adhesive, for example, 
the curaMe adhesive is applied onto the transferred 
layer 4, the transfer mernber 6 is adhered thereon, 
and then the curable adhesive is cured by a method 
in response to characteristics of the curable acfte- 
ave to adhere the transferred layer 4 to the transfer 
member 6. When using a photo-setting adhesive, it 
is preferable that a transparent transfer member 6 
be placed on the uncured adhesive layer 5. and 
then the substrate 1 and the transfer mernber 6 be 
iluminated with ight for airing from both skies in 
order to secure tfie curing of the adhesive. 

Regardless of the drawings, the adhesive layer 
5 may be formed on the transfer member 6 and 
then the transferred layer 4 may be adhered 
thereto. Further, the above-mentioned interlayer 
may be provided between the transferred layer 4 
and file adhesive layer 5: When the transfer mem- 
ber 6 has an adhering function, the formation of the 
adhesive layer 5 may be omitted. 

Examples of the transfer member 6 include 
substrates (plates), and particularly transparent 
substrates, although they are not limited to these 
substrates. Such substrates may be planar or 
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curved. The transfer member 6 may have inferior 
characteristics including heat resistance and corro- 
sion resistance to those of the substrate 1, 
because, in the present invention, the . transferred 
layer 4 is formed on the substrate 1 , and the trans- 
ferred layer 4 is transferred to the transfer member 
6. wherein characteristics required tor the transfer 
member 6 are independent of the conditions, such 
as temperature, in the formation of tf*e transferred 
layer 4. 

Accordingly, when the maximum temperature 
in the formation of the transferred layer 4 is J max, 
the transfer mernber 6 can be formed of a material 
having a glass transition point (Tg) or softening 
point of Tmax or less. For example, toe transfer 
member 6 Is composed of a material having a glass 
transition point (Tg) or softening point of 800 °C or 
less, preferably 500 °C or less and more preferably 
320 °C or less. 

ft is preferable that the transfer mernber 6 has a 
given level of rigidity (mechanical strength), but it 
may have flexibility or elasticity. Examples of mate- 
rials for such a transfer member 6 Include a wide 
variety of synthetic resins and glass materials, and 
preferably synthetic resins and inexpensive glass 
materials (with low melting points). 

Examples of synthetic resins include both ther- 
moplastic resins and thermosetting resins, such as 
polydeftns, e.g. polyethylene, polypropylene, ethyl- 
ene-propylene copolymers, and ethylene-vinyl ace- 
tate copolymers (EVAs); cycfic pdyotefins; modified 
pofydefins; poryvinyl chloride; polyvihyfidene chlo- 
ride; polystyrene; pdyamides; potyamide-irrades; 
polycarbonates; poly-(4-methylpentene- 1 ); iono- 
mers; acrylic resins; polymethyl methacrytate 
(PMMA); acrytonitrae-butacfiene-styrene copoly- 
mers (ABS resins); axryioratrfle-styrene copoly- 
mers (AS resins); butadiene-styrene ^ copolymers; 
polyoxymethylene; polyvinyl alcohol (PVA); ethyl- 
ene-vinyl alcohol copolymers (EVOHs); polyesters, 
e.g. polyetriytene terephthalate (PET), polybutylene 
terephthalate (PBT), arid polycyclohexane tereph- 
thalate (PCT); polyethers; polyether-ketones 
(PEKs); poryether-ether-ketone (PEEKs); pdy- 
etiier-irrades; pbfyacetafs (POMs); polyphenylene 
oxides; mocfified polyphenylene oxides; porysul- 
fones; polyphenylene sutfde (PPS); potyether sul- 
fones (PESs); poryarylates; aromatic polyesters 
(liquid crystal polymers); pcrfytetrafluoroe^ 
pofyvinylidene fluoride; other fluorine resins; ther- 
moplastic; elastomers, eg. styrene-, potyolefin-, pol- 
yvinyl chloride-, potyurethane-, polyester-, 
polyamide-. pofybutacfiene-. trans-polyisoprene-. 
fluorine rubber-, arid chlorinated pdyethylene-type; 
epoxy resins; phenol resins; urea resins; melamine 
resins; unsaturated polyesters; sificone resins; and 
polyurethanes; and copolymers, blends, and poly- 
mer alloys essentially consisting of these synthetic 
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renins. One or more of these synthetic resins may 
be used, for example, as a composite consisting of 
at least two layers. 

Examples of usabi glasses include sfficate 
glass (quartz glass). aJkaDne sflicate glass, soda* s 
time glass, lead (alkaline) glass, barium glass, and 
borosifscate glass. All the types of glass other than 
silicate glass have tower bqffihg points than that of 
silicate glass, can be readily formed and shaped, 

are Inexpensive. 10 
. When a synthetic resin is used, a large transfer 
member 6 provkJedwifr^ 
as a curved surface or unevenness. can be readily 
formed with low material arid production costs. A 
large, inexpensive device, lor example, a fiqiid is 
crystal display; can therefore be readily formed. 

The transfer member 6 may function as an 
independent device, such as a Squid crystal ceti, or 
as a part of a device, for example, a color fitter, an 
electrode layer, a clelectric layer, an insulating 20 
layer, and a serraconductor device. Further, the 
transfer member 6 may be composed of metal, 
ceramic, stone, wood, or paper. Alternatively, it may 
be a surface of a given article (the surface of a 
watch, dock, air conditioner, or print board), or a 2s 
surface of a given structure, such as a wafl, ptttar. 
post, beam, ceftng, or window glass. 
15J As shown in Rg. 5, the rear side of the substrate 
1 (the side 1 2 of the incident tight) is irradiated with 
the incident fight 7. The incident fight 7 passes so 
though the substrate 1 and enters the separation 
layer 2 through the interface 2a. As shown in Rg. 6 
or Rg. 7, internal and/or interfacial exfoliation 
occurs in the separation layer and the adhering 
force is reduced or eliminated. When separating the as 
substrate 1 from the transfer member 6, the trans- 
ferred layer 4 is detached from the substrate 1 and 
transferred to the transfer member a 

Rg. 6 shows a state of the internal exfoliation in 
the separation layer 2, and Rg. 7 shows a state of <o 
the interfacial exfoliation at the interface 2a on the 
separation layer 2. The occurrence of the internal 
and/br interfacial exfoliation presumes that ablation 
of the constituents in the separation layer 2 occurs, 
that gas retained in the separation layer 2 is <5 
released, and that phase transition such as mating 
or vaporization occurs immediately after the light 
irradiation. 

Wherein the word "ablation" means that spSd 
components (the constituents of the separation so 
layer 2). which absorbed the incident tight are pho- 
tochemicaJty and thermally excited and atoms or 
molecules in the solid components are released by 
fre chain scission. The ablation is observed as 
phase transition such as melting or vaporization in 55 
the partial or entire constituents of the separation 
layer 2 Also, fine foaming may be formed by the 
phase transition, resulting in a decreased adhering 
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forca The internal and/or interfacial exfofiation of 
the separation layer 2 depends on the composition 
of the separation layer 2 and other factors, for 
example, tfie type, wavelength, intensity and. range 
of the incident light 7. 

Any type of incident tight 7, which causes inter- 
nal and/or interfacial exfofiation of the separation 
layer 2, can he used, for example, X-rays, ultraviolet 
rays, vistole rays, infrared rays (heat rays), laser 
beams, mile-waves, rricro-waves, electron rays, 
and radiations (a-rays, p-rays, and r-rays) ; Among 
them, laser beams are preferable because they can 
easily cause exfoliation (ablation) of the separation 
layer 2. 

Examples of lasers generating the laser beams 
include gas lasers and sofid lasers (semiconductor 
lasers), arid excimer lasers, Nd-YAG lasers, Ar 
lasers. CQ2 lasers. CO lasers, and He-Ne lasers 
may be preferably used. Among them excimer 
lasers are more preferably used. The excimer 
lasers output high energy laser beams in a shorter 
wavelength range which cause ablation in the sep- 
aration layer 2 within a significantly shorter time. 
The separation Jayer 2 is therefore cleaved sub- 
stantially without the temperature rise, and thus 
without deterioration or damage of the adjacent or 
adjoining intertayer 3. transferred layer 4. and sub- 
strate 1. 

tf the ablation of tie separation layer 2 is 
dependent on the wavelength of the incident tight, it 
is preferable that the wavelength of the incident 
laser beam be approximately 100 nm to 350 nm. 

When exfoliating the separation layer 2 by 
means of phase transition, for example, gas evolu- 
tion, vaporization, or sublimation, ft is preferable 
that the wavelength of the incident laser beam be 
approximately 350 nm to 1,200 nm. 

Preferably, the energy density of the incident 
light, and particularly of the excimer lasers rages 
from approximately 10 to 5,000 mJ/cm 2 . and more 
preferably approximately 100 to 1 ,000 mJ/cm 2 . the 
irradiation time preferably ranges from 1 to 1.000 
nsec.. and more preferably from 10 to 200 nsec. At 
an energy density or irracBation time which is lower 
than the lower firrtit satisfactory ablation will not 
occur, whereas at an energy density or irradiation 
time which is higher than the upper Emit, the trans- 
ferred layer 4 Is adversely affected by the incident 
tight passing through the separation layer 2 arid 
intertayer 3. 

It Is preferable that the incident fight 7 induding 
laser beams with a uniform intensity be incident on 
the separation layer. The incident fight 7 may be 
incident on the separation layer 2 from the direction 
perpendicular to the separation layer 2 or from a 
direction shifted by a given angle from the perpen- 
dicular direction. 

When tiie separation layer 2 has an area which 
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is larger than the area per scanning of the incident 
Eght, the entir separation layer 2 may be irradiated 
with several scans of incident light The same posi- 
tion may be irradiated two or more times. The same 
position or Afferent positions may be irradBated with 5 
cBffcrent types and/or wavelengths of incident 
(laser) fight beams two or more times. 

[6] As shown In Fig; 6, the separation layer 2 
remaining on the interiayer 3 is removed by, for 
example, washing, etching, ashing or pofishing, or a 10 
combination of these methods. Also, the separation 
layer 2 remaining on the substrate 1 is removed in 
the internal separation of the separation layer 2, as 
shown in Rg. 6. 

When the substrate 1 is composed of an 15 
expensive or rare material, such as quartz glass, 
the substrate 1 is preferably reused. In other words, 
the present invention is applicable to the substrate 
to be reused, hence it is usefuL 

The transfer of the transferred layer 4 to the 20 
transfer member 6 is completed by the above-men- 
tioned steps. Removal of the intertayer 3 adjoining 
the transferred laypr 4 or formation of adcfifional lay- 
ers may be employed/ 

In the present invention, the transferred layer 4 25 
is not directly separated as the detached member, 
but the separation layer 2 adhered to the trans- 
ferred layer 4 is exfoliated, hence uniform exfolia- 
tion or transfer Is easily, securely, and uniformly 
achieved regardless of characteristics and cbndi- 30 
uons of the detached member (transferred layer 4). 
Since the detached member (transferred layer 4) is 
not damaged, it can maintain high reliability. 

In the embodiment shown in the drawings, a 
method for transferring the transferred layer 4 onto 35 
the transfer member 6 ts described. The exfoliating 
method in accordance with the present invention 
does not always include such transfer. In this case, 
a detached member is used instead of the trans- 
ferred layer 4. The detached member may be either <o 
a layered material or non-layered material. 

The detached member maybe used for various 
purposes, for example, removal (trimming) of 
unnecessary portions of the thin film (particularly 
functional thin flrn). removal of attached members. 45 
such as dust, oxides, heavy metals, and carbon, 
and recycling of the substrate used in the exfoliation 
method. 

The transfer member 6 may be composed of a 
material having quite efferent properties from that so 
of the substrate 1 (regardless of transparency), for 
example, various types of metal, ceramic, carbon, 
paper, and rubber. :.as well as the above-descrfoed 
materials. When the transfer member 6 does not 
permit or is not suitable for direct formation of the ss 
transferred layer 4, the present invention can be 
usefully applied. 

In the embodiment shown in the drawings, the 
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incident Bojrt 7 is incident on the substrate 1, how- 
ever, it may be mcWent on tite side away from the 
substrate 1 when the adhered material (detached 
member) is removed or when the transferred layer 4 
is hot adversely affected by irraxfiation with the inci- 
dent fight. 

Although the exfoliating method in accordance 
with the present invention has been descrfced. the 
present invention is not limited to the description. 

For example, the surface of the separation 
layer 2 may be irradiated with the incident fight to 
form a gjven pattern su<^ ti^at the transferred layer 
4 is cleaved or transferred based on the pattern (a 
first method). In this case, in the above-mentioned 
step |5j. tiie side 12 of ttie incident fig^it of the sub- 
strate 1 is masked in response to tie pattern before 
vr^aSao^ of the incident fight 7, or the positions 
irradiated with the incident fight 7 are accurately 
controlled. 

The separation layer 2 having a given pattern 
may be formed instead of forming the separation 
layer 2 on the entire face 11 of the substrate 1 (a 
second method). In this case, tiie separation layer 2 
having a given pattern is formed by masking etc. or 
the separation layer 2 is formed on tie entire sur- 
face 1 1 and is patterned or trimmed by etching etc. 

According to the first and second methods, the 
transferred layer 4 is simultaneously transferred 
and patterned or trimmed. 

, Transfer processes may be repeated two or 
more times by the same procedure.: When the 
transfer processes are performed for an even num- 
bers of times, the positions of the front and rear 
faces of the transferred layer formed by the fast 
transfer process are the same as those of the trans- 
ferred layer formed on the substrate 1 by the first 
transfer process. 

On a large transparent substrate (fcr example, 
having an effective area of 900 mm by 1 ,600 mm) 
as a transfer member 6, transferred layers 4 (thin 
film transistors) forrned on small substrates 1 (for 
example, having an effective area of 45 mm by 40 
mm) may be transferred side by side by repeating 
transfer cycles, (for example, approximately 800 
cycles), so that the transferred layers 4 are formed 
on the entire effective area of the large transparent 
substrate. A liquid crystal display having a size 
which is the same as that of the large transparent 
substrate can be rxoduced 
* . 

- ■ ■ - 

Examples of the first emboalmertt win now be 
described. 

(Example 1) 

A quartz substrate with a length of 50 mm. a width 
of 50 mm, and a thickness of 1.1 mm (softening point 
1,630 «C. distortion point; 1,070 °C, and transmittance 
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of exctmer laser: approximately 100%) was prepared, 
and an amorphous scBcon (a-Si) film as a separation 
layer (laser-absorption layer) was formed on the one 
side of tfi quartz substrate by a low pressure CVO 
process {$%H 6 gas, 425 °G). The thickness of the sep- 
aration layer was 1 00 nm. 

A SK>2 fflmas.an intertayer was formed on tfie sep- 
aration layer by an ECR-CVD process (SiH 4 +0 2 gas. 
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100 °C). The thickness of the intertayer was 200 nm, 

A polycrystafline sificon (or pctycrystalfine silicon) io 
f3m with a thickness of 50 nm as a transferred layer was 
formed on tiie intertayer by a CVD process (S^Hg gas). 
The porycrystafline silicon film was patterned to form 
soiHoeAimin/channel regions of a thin tarn transistor. 
After a SiO, gate insulating film was formed by thermal 
oxidation of the surface of the pcJytxystaHinesflicon film, 
a gate electrode (a structure in which a high melting 
point meted, such as Mo, was deposited on tfie polycrys- 
talfine sificon) was formed on the gate insulating film, 
and source and dram regions were formed by self align- 
merit by means of ion implantation using tie gate elec- 
trode as a mask. A thin fim transistor was thereby 
formed 

A thin film transistor having similar characteristics 
can be formed by a tow temperature process instead of 
such a high temperature process. For example, an 
amorphous sificon flim with a tftfckness of 60 nm as a 
transferred layer was formed on a SK>2 f9m as an inter- 
layer on the separation layer by a low pressure CVD 
process (S^He gas, 425 9 G). and the amorphous silicon 
film was irradiated witfi laser beams (wavelength: 308 
nm) to mocfify the aniorphc^ sfficon into a potycrystal- 
fine sificon fflm rjy crystallization. The polycrystafline sil- 
icon fdm was patterned to form source/otaintoiannel 
regions having a given pattern of a thin film transistor. 
After a Si0 2 gate insulating flm was deposited on the 
polycrystafline silicon fim by a low pressure CVD proc- 
ess, a gate electrode (a structure in which a high melt- 
ing point metal, such as Mo, was deposited on the 
polycrystalline silicon) was formed on the gate insulat- 
ing fim, and source and drain regions were formed by 
self afignment by means of ion implantation using the 
gate electrode as a mask. A thin film transistor was 
thereby formed. 

Next electrodes and leads connected to tie source 
arid drain regions and leads connected to the gate elec- 
trode were formed, if necessary. These electrodes and 
leads are generally composed of aluminum, but fits Is 
not a limitation- A metal (not melted by laser irradiation 
in the succeeding step) having a melting point higher 
than that of aluminum may be used if melting of alumi- 
num is expected in the succeeding laser irradiation step. 

A UV-curaUe adhesive (thickness: 100 um) was 
applied onto the thin film transistor, a large, transparent 
glass substrate (soda glass, softening point: 740 *C, 
cSstortion point: 511 °C) as a transfer member was 
adhered to the adhesive film, and the outer surface of 
the glass substrate was irradiated with ultraviolet rays to 
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foe these layers by curing tfie adhesive. 

The surface of the quartz substrate was irradiated 
with Xe-Cl exctmer laser beams (wavelength: 308 nm) 
to cause exfoliations ftntemal and interfadaf exfoliation) 
of the separation layer. The energy density of the Xe-CI 
exctmer laser was 300 mJ/cm 2 . and the irradiation time 
was 20 nano seconds. The exctmer laser irracSation 
metfiods Include a spot-beam irradiation method i and a 
fine-beam inacBation method. In tfie spot-beam irracfia- 
tioh method, a given unit area (for example 8 mm by 8 
mm) is irracSated with a spot beam, and the spot irradi- 
ation is repeated while shifting the spot beam by about 
one-tenth the given unit area. In the fine-beam irradia- 
tion, a given unit area (for example 378 mm by 0.1 mm. 
or 378 mm by 0.3 mm {absorbing 90% or more of tfie 
incident energy)) is irradiated while shifting the fine- 
beam by about one-tenth the given unit area. Each of 
the points of the separation layer is thereby irradiated at 
least ten times. The entire surface of the quartz sub- 
strate is irradiated with the laser, while shifting step by 
step over tfie irradiated area. 

Next, the quartz substrate was detached from the 
substrate (transfer member) at the separation 
layer, so that the thin film transistor and interlayer 
formed on the quartz substrate were transferred onto 
trie glass substrate. 

Trie separation layer remaining on tfie interlayer on 
the glass substrate was removed by etching, washing, 
or a combination thereof. A similar process was appfied 
to the quartz substrate for recycling the substrate. 

When the glass substrate as to 
larger than tfie quartz substrate, the transfer from the 
quartz substrate to the glass substrate in accordance 
with this example can be repeated to form a number of 
thai film transistors on different positions on tfie quartz 
substrate. A larger number of thin fflm transistors can be 
formed on the glass substrate by repeated 
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A thin flm transistor was transferred as in Example 
1, but an amorphous silicon fflm containing 20 atomic 
percent of hydrogen (H) was formed as the separation 
layer. The hydrogen content in the amorphous sificon 
fim was controlled by trie film deposition conditions in 
tfie low pressure CVD. 



(Example3) 

- . 

A thin fim transistor was transferred as in Example 
1, but a ceramic ttwi film (composition: FbTiQa, thick- 
ness: 200 nm) as the separation layer was formed by 
spin-coating and sol-gel processes. 

(Example 4) 

A thin flm transistor was transferred as in Example 
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1. but a ceramic thin film (composition: BaTK^. thin- 
ness: 400 nm) as the separation layer was formed by a 
sputtering process. 

..... 

(Example 5) 

A thin film transistor was transferred as in Example 
1, but a ceramic thin film (composition: Pb(Zr.Ti)03 
(PZt), tfuckness: 50 nm) as the separation layer was 
formed by a laser ablation process. 

* 

(Example 6) 

A thin tarn transistor was transferred as in Example 
1, but a polyirnide fflm (thickness: 200 nm) as the sepa- 
ration layer was formed by a spin-coating process. 

(Example 7) 

A thin film transistor was transferred as in Example 
1. but a polypheny! ene sulfide film (thickness: 200 nm) 
as the separation layer was formed by a spin-coating 



(Example 8) 

A thin film t r ansis to r was transferred as in Example 

1 , but an aluminum f 3m (thickness: 300 nm) as the sep- 
aration layer was formed by a sputtering process. 

(Example 9) 

A thin film transistor was transferred as in Example 

2. but Kr«F exctmer laser beams (wavelength: 248 nm) 
were used as the Incident light The energy density of 
the laser beams was 250 mJ/cm 2 , and the irradiation 
time was 20 nano seconds. 

(Example 10) 

A thin film transistor was transferred as in Example 
2, but tW-YAG laser beams (wavelength: 1 ,068 nm) 
were used as the incident light The energy density of 
the laser beams was 400 rnJWcm 2 , and ttie irradiation 
time was 20 nano seconds. 

(Example 11) 

A thin fflm transistor was transferred as in Example 
1 , but a pc4ycrysta8tne silicon film (thickness: 80 nm) as 
the transferred layer was formed by a high temperature 
process at 1 .000 °C 

(Example 12) 

A thin film transistor was transferred as ki Example 
i; but a transparent polycarbonate substrate (glass 
transition point 130 *C) as the transfer member was 
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used. 



(Example 13) 



A thin f am transistor was transferred as in Example 
2, but a transparent AS resin substrate (glass transition 

point 70 to 90 °C) as tfie transfer member was used. 

■* ■ ■ . • * " • - ' 

(Example 14) 



was transferred as in Example 
8, but a transparent pofymethyl methacrylate substrate 
(glass transition point: 70 to 90 °Q as the transfer mem- 
ber was used. 

(Example 15) 

A thin film transistor was transferred as in Example 

5, but a transparent pofyethyfene terephthalate sub- 
strate (glass transition point 67 *C) : as the transfer 
member was used. 

(Example 16) 

A thin film transistor was transferred as in Example 

6. but a transparent high-density polyethylene substrate 
(glass transition point 77 to 90 0 Q as the transfer mem- 
was 



30 (Example 17) 

A thin f3m transistor was transferred as in Example 
9, but a transparent polyamide substrate (glass transi- 
tion point: 1 45 *C) as the transfer member was used. 



(Example 18) 



A thin f 8m transistor was transferred as in Example 
10, but a transparent epoxy resin substrate (glass tran- 
40 sition point: 120 °C) as the transfer member was 

(Example 19) 



A thin f am transistor was transferred as in Example 
1 1, but a transparent pofymethyl methacrylate substrate 
(glass transition point 70 to 90 °C) as the transfer mem- 
ber was used. 

The thin film transistors transferred in Examples 1 
to 19 were observed visually and with a microscope^ All 
the thin film transistors were uniformly transferred with- 
out forming defects and unevenness. 

As described above, an exfoliating method in 
accordance with the present invention ensures easy 
and secure exfoliation regardless erf characteristics and 
conditions erf the detached member (transferred layer), 
and enables transfer onto various transfer members. 
For example, a thin film can be formed by transfer on a 
material not capable of or not suitable for the direct 
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forming of the thin film, an easily formable material, an 
inexpensive material, and a large article which is difficult 
to move. 

Materials having thermal and corrosion resistance 
which is inferior to that of the substrate, for example, s 
various synthetic resins, and low melting point glass 
materials, can be used as the transfer member/ For 
example. In the production of a liquid crystal display 
including tfvn film transistors (particularly potycrystaflcne 
silicon TFTs) formed on a transparent substrate, a 10 
large, inexpensive liquid crystal display can be easily 
produced by a combination of a heat-resisting quartz 
glass substrate as the substrate, and an inexpensive 
andfonmable transparent substrate composed of a syn- 
thetic resin or a low melting point glass as the transfer is 
member. Such an advantage wfll be expected in produc- 
tion of other devices other than the tiqutd crystal display. 

A transferred layer such as a functic<ial thin film can 
be formed oh a heat-resisting substrate with high retia- 
btOty, such as a quartz substrate, followed by patterning, 20 
with maintaining the above-mentioned advantage. A 
highly reliable thin film can therefore be formed on a 
transfer member regardless of tie properties of the 
transfer member. 

25 

[Second Embodiment] 

An exfoliating method in accordance with the sec- 
ond embodiment of the present invention will now be 
described in detail with reference to the attached draw- 30 
ings. In the second embodiment the separation layer 2 
of the first embodiment has a layered structure including 
a plurality of layers. 

Figs. 9 to 16 are cross-sectional views illustrating 
steps in accordance with this embodiment in the exfofia- 3S 
ting method in accordance with the present invention. 
The steps wfli be described sequentially with reference 
to these drawings. Since many matters are common to 
the first embodiment, the same parts are identified by 
the same numeral and a detailed description wpl be 40 
omitted appropriately. Accordingly, matters which are 
different from the first embodiment wffl be described. 

(1) As shown in Fig. 9, a separation layer 2 com- 
posed of a composite including a plurality of sub- 45 
layers fe formed on one face (the face 11) of the 
substrate 1. In this case, each sub-layer in the sep- 
aration layer 2 is deposited step by step onto the 
substrate 1 by a method described below. Prefera- 
bly; the substrate 1 is composed of a transparent so 
material transmitting the incident light 7. when the 
fght is incident on the outer surface of the substrate 

In ttits case, the transniittance for the incident 
fghf 7 is similar to that in the first embodiment 55 
Materials for the substrate 1 are common to the first 
embodiment the thickness of the substrate 1 is the 
same as that in the first embodiment It is preferable 



that tie thickness of the substrate 1 be uniform at a 
region for forming the separation layer so as to be 
uroformty irradiated with the incident tight 7. The 
Inner surface 1 1 and light-Incident surface 12 of the 
substrate 1 may be planar or curved. 

In the present invention, the substrate 1 is 
detached by exfoliating the separation layer 2 
between the substrate 1 and the transferred layer 4 
instead of removing the substrate by etching etc., 
hence the operation can be easily performed, and 
the substrate 1 has a wide range of selectivity, for 
example, use of a relatively thick substrate. 

The separation layer 2 is now described, the 
separation layer 2 absorbs toe incident light 7 to 
cause internal and/or interfactal exfotiation of the 
layer, the separation layer 2 includes at least two- 
sub layers having different compositions or charac- 
teristics, and preferably an optica! absorption layer 

21 and other layers having a composition and "char- 
acteristics which are cfifferent from the optical 
absorption layer 21. ft is preferable that the other 
layer be a sharing layer (reflection layer 22) for 
shading the incident tight The shading layer ties on 
the side (upper side in the drawings) of the optical 
absorption layer 21 away from the incident light 7, 
reflects or absorbs the incident tight 7 to prevent or 
suppress entry of the incident tight into the trans- 
ferred layer 4. 

In this embocfiment a reflection layer 22 reflect- 
ing the incident tight 7 is formed as the sharing 
layer, it is preferable that tie reflection layer 22 has 
a reflectance of 1 0% or more, and more preferably 
30% or more for the incident tight 7. Preferably, 
such a reflection layer 22 is formed of a metafi ic thin 
film including a singularity or plurality of sub-layers, 
or a composite inducing a plurality of thin films hav- 
ing different refractive indices. In particular, it is 
composed of metallic thin films in view of easy 
fbrmabflity. 

Examples of metals suitable for forming a 
metallic thin film include Ta. W, Mo. Cr. Ni, Co, Ti, 
Pt Pdl Ag. Au. and Al; and afloys primarily contain- 
ing at least one of these metals. Examples of pref- 
erable elements to be added to such alloys include 
Fe, Cu C. Si. and B The addition of these elements 
enables control of the thermal conductivity and 
reflectance of the alloy. Another advantage is easy 
production of a target when forming the reflection 
layer by physical deposition. Further, atioys canbe 
easily obtained and are inexpensive compared with 
the relevant pure metals. 

the thickness of the reflection (shading layer) 

22 is preferably 10 nm to 10 fim. and more prefera- 
bly 50 nmto5fim, although it is not limited to such 
a range. An excessive thickness requires much 
time for the formation of the reflection layer 22 and 
the removal of the reflection layer 22 which wil be 
performed later. A significantly low thickness may 
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cause insufficient shading effects in some film com- 
positions. 

The optical absorption layer 21 contributing to 
the exfoCatioh of the separation layer 2 absorbs the 
Incident light 7 to eliminate or reduce inter-atomic or e 
inter-molecular acffiering forces in the substances 
in the optical absorption tayer 21 and to cause inter- 
nal arKVor interfacial exfofetion due to an ablation 
phenomenon. Further, the irradiation with the inci- 
dent light 7 may cause exfoliation by the evolution of 10 
gas from the optical absorption layer 21. A compo- 
nent contained In the optical absorption layer 21 is 
released as gas in one case, or the separation layer 
2 is instantaneously gasified by absorbing the light, 
and the vapor is released to contribute to die exfo- is 
Ration In the other case. 

The usable compositions of such an optical 
absorption layer 21 are similar to the compositions 
(1) to (4) which were described in the separation 
layer 2 of the first ernbodiment In the second 20 
embedment the foHowing cornposittons can also 
be used as the optical absorption layer 21. 

(5) Organic Polymers: 

Usable organic polymers have linkages 25 
(which are cut by irradiation of the incident light 
7); such as -CH^- -CONH- 
(amido), -NH- fimicto). -COO- (ester), -N=N- 
(azo). and -CH=N- (tsocyano). In particular, 
any organic polymers having large amounts of 30 
such finkages can be used Examples of the 
organic polymers include polyolefins. such as 
polyethyiene, and polypropylene; polyirnides; 
polyarhtdes; polyesters; polymethyl methacr- 
ylate (PMMA); poryphenytene sulfide (PPS); 35 
potyether sutfone (PES); and epoxy resins. 

(6) Metals: 

Examples of metals include Al. U, 71, Mn, 
In, Sn, and rare earth metals, e.g. Y, La, Ce, 
Nd, Pr, Sn% and Gd; and alloys containing at 40 
least one of these metals. 

(7) Hydrogen Occluded Alloys: 

• Examples of hydrogen occluded alloys 
include rare earth element-based alloys, such 
as LaNi 5 ; and Th or Ca-based alloys, in which 45 
hydrogen is occluded. 

(8) Nitrogen Occluded Alloys: 

Examples of nitrogen occluded alloys 
include rare earth dement-kon. -cobalt -nickel, 
and -manganese alloys, such as Sm-Fe and so 
l*J-Co alloys, in which nitrogen is occluded. 

the thickness of the optical absorption layer 21 
depends on various factors, tor example, the pur- 
pose of the exfoliation, the composition of fhe sepa- ss 
ration layer 2, the layer configuration, and the 
formation process, arid is generally I ran to 20 pm, 
arid preferably 10 rim to 2 urn, and more preferably 



40 nm to 1 ura A stgrtiftcantly low thickness of the 
optical absorption layer 21 causes deterioration of 
uniformity of the deposited film, and thus irregular 
exfoliation, whereas an excessive thickness 
requires a large amount of incklent light 7 (power) 
to ensure satisfactory exfo 
ationaJ time for removing the separation layer 2. ft is 
preferable that the thicknesses of the optical 
absorption layer 21 and reflection layer 22 be uni- 
form as much as possible. For me same reasons, 
the total thickness of the separation layer 2 is pref- 
erably 2 nm to 50 um, and more preferably 20 nm to 

20 jim. 

The method for forming each layer in the sepa- 
ration layer 2 (in this embodiment the optical 
absorption layer 21 and reflection layer 22) is not 
limited, and is selected in view of various factors, 
such as the composition and thickness of the film. 
Examples of ttie methods include vapor phase dep- 
osition processes, such as CVD (inducting 
MOCVO. low pressure CVD. ECH-CVD), evapora- 
tion, molecular beam (MB) evaporation, sputtering, 
ion-plating, and PVD; plating processes, such as 
electro-plating, dip-plating (cfipping), and electro- 
less-plating: coating process, such as a Langmuir- 
Btodgett process, spin-coating process, spray-coat- 
ing process, and rofl -coating process; printing proc- 
esses; transfer processes; ink-jet processes; and 
powder-jet processes. A combination of these proc- 
esses may also be usable. The process for forming 
the optical absorption layer 21 and reflection layer 
22 m^ be the same or different and is determined 
by the composition etc. 

For example, when the optical absorption layer 

21 is composed of amorphous silicon (a-Si), it is 
preferable that the layer be formed by a low pres- 
sure CVD process or a plasma CVD process. Alter- 
natively, when the optical absorption layer 21 is 
composed of a ceramic by a sol-gel process, or an 
organic polymer, it is preferable that fte layer be 
formed fay a coating process, and particularly a 
spin-coating process. 

The reflection layer 22 composed of a metalBc 
thin fam is preferably formed by evaporation, molec- 
ular beam (MB) evaporation, laser ablation deposi- 
tion, sputtering, ion plating, and the above- 
mentioned plating processes. 

Each layer in the separation layer 2 may be 
formed by two or more steps, for example, incfucfing 
a layer-forming step and an annealing step. 
PI As shown in Fig. 10, an intertayer (underlying 
; layer) 3 is formed on the separation layer 2. 

The interlayer 3 is formed for varfcus purposes, 
and functions as at least one layer of, for example, 
a protective layer which protects physically or 
chemically a transferred layer 4 in production and in 
use, an insulating layer, a conductive layer, a shad- 
ing layer of the incident tight 7, a barrier layertnhib- 
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iting migration of any components from or to the 
transferred layer 4, and a reflection layer. 

The composition of the intertayer 3 is deter- 
mined based on the purpose: For example, the 
intertayer 3. which is formed between the separa- s 
tion layer 2 with flie amorphous silicon optical 
absorption layer 21 and the transferred layer 4 as 
the thin film transistor, is composed of silicon oxide, 
e.g. SiO^. or the interlayer 3 formed between the 
separation layer 2 and the PZT transferred layer 4 is io 
composed of a metal, eig. Pt. Au, W. Ta, Mo, Al, Or, 
or Tk or an afloy primarily containing such a metal. 

The thickness of tfie intertayer 3 is similar to 
that in the first embodiment. The method for form- 
ing the intertayer 3 is also similar to that in the first is 
entoodiment The intertayer 3 may be composed of 
two or more layers having the same composition or 
different compositions. Alternatively, in the present 
invention, the transferred layer 4 may be cfirectry 
formed on the separation layer 2 without forming 20 
the intertayer 3. 

PI As shown in Fig. 11, a transferred layer 
(detached member) 4 is formed on the irtterlayer 3. 
The transferred layer 4 is transferred onto a transfer 
member 6 wh ich will be described later, and formed 2s 
by a method similar to that for the separation layer 
2. The purpose for forming, type, shape, structure, 
composition, and physical and chemical character- 
istics of the transferred layer 4 are not limited, and it 
is preferable that the transferred layer 4 be a tunc- ao 
tional thin film or a thin film device in view of the pur- 
pose and usefulness of the transfer. Examples of 
me functional thiri films arid thin film devices have 
been described in the first erntxxJBment 

Such a functionai thin film or thin film device is 35 
generally formed at a relatively high process tem- 
perature in connection with the manufacturing 
method. As described above, merefore, the sub- 
strate 1 must be highly retiable and resistive to such 
a high process temperature. 40 

The transferred layer 4 may be composed of a 
single layer or a plurality of layers. Ado5tionaJ(y, it 
may be patterned as in tfie abcve-described thin 
Km transistor. The formation (deposition) and pat- 
ter ring of the transferred layer 4 ts performed by a 45 
g^veh process according to demand. Such a trans- 
ferred layer 4 is generally formed by a plurality of 
steps. The thickness of the transferred layer 4 is 
also similar to that in the first embodlrnent 
m As shown in Rg. 12, an adhesive layer 5 is so 
formed on the transferred layer (exfoliation layer) 4 
to adhere with the transfer member 6 through the 
axftiesfve layer 5. Preferred examples of adhesives 
for forming the adhesive layer 5 are identical to 
those in the first embocfiment When using a cura- ss 
ble adhesive, the curable adhesive is applied onto 
the transferred layer 4, a transfer member 6 
described later is adhered thereto, the curable 



adhesive is cured by a curing memod in response 
to the property to adhere the transferred layer 4 with 
the transfer member 6. In the cas using a photo- 
setting adhesive, it is preferable mat a transparent 
transfer member 6 be placed on the adhesive layer 
5, and then the transfer member 6 be irradiated with 
tight to cure me adhesive. When the substrate 1 is 
transparent both the substrate 1 and the transfer 
member 6 are preferably irradiated with tight to 
secure cumg of the adhesrva 

Instead of the state shown in the drawings, the 
adhesive layer 5 may be formed on the side of the 
transfer member 6, and the transferred layer 4 may 
be formed thereon. Further, the above-mentioned 
irtterlayer may be formed between me transferred 
layer 4 and the adhesive layer 5. When, for exam- 
ple, the transfer member 6 has a function as an 
adhesive, the formation of the adhesive layer 5 can 
be omitted. 

Examples, materials, and characteristics of the 
transfer member 6 are identical to those In the first 
ernoooimertt. 

[5] As shown in Rg. 13. the rear side (the incident 
face 12) of the substrate 1 is irradiated with the inci- 
dent tight 7. After the incident tight 7 passes through 
the substrate 1. it is radiated to the separation layer 
2 through the interface 2a. In detail, it is absorbed in 
the optical absorption layer 21, the part of the inci- 
dent fight 7 hot absorbed in the optical absorption 
layer 21 is reflected by the reflection layer 22 and 
passes through the optical absorption layer 21 
again. The adhering force in the separation layer is 
reduced or eliminated by the internal and/or interfa- 
ciaJ exfoliation, and as shown in Rg. 14 or 15. the 
transferred layer 4 is detached from the substrate 
and transferred onto the transfer member 6 when 
the substrate 1 is separated from tie transfer mem- 
ber6. 

Rg. 14 shows a case of internal exfoliation of 
the separation layer 2, and Rg. 15 shows a case of 
interfacial exfoliation at the interface 2a of the sepa- 
ration layer 2. It is presumed from the occurrence of 
an internal and/or interfacial exfotiationtiiat ablation 
of the constituents in the optical absorption layer 21 
occurs, that gas retained in the optical absorption 
layer 21 is released, and that phase change such 
as metting or vaporization occurs immediately after 
the rraxfiation of the fight 

Wherein the word "ablation" means that solid 
components (tfie constituents of the optical absorp- 
tion layer 21), which absorbed the incident light are 
rjhotochemtcally and thermally excited and atoms 
and molecules in the solid components are 
released by tfie chain scission. The ablation is 
observed as phase transition such as melting or 
vaporization in the partial or entire constituents of 
the optical absorption layer 21. Also, fine foaming 
may be formed by the phase chang , resulting in a 
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reduced adhering force. The internal and/or tnterfa- 
ctal exfoliation of the separation layer 21 depends 
onfh layer configuration of the separation layer 2, 
the composition and thickness of tfie optical 
absorption layer 21 and other factors, for example, * 
the type, wavelength, intensity and. range of the 
incident fight 7. 

Examples of types of the faicident light 7 and of 
apparatuses for generating it are identical to those 
in the first ernbocfiment io 

When the ablation in tt>e optical absorption 
layer 21 depends on the wavelength of the incident 
tight, it is preferable that tfie wavelength of tie inci- 
dent laser tight ranges from approximately 100 ran 
to 350 nm. When exfoliating trie separation layer 2 is 
by the phase transition such as gas evolution, 
vaporization, and sublimation, the wavelength of 
the incident laser light preferably ranges from 
approximately 350 nm to 1,200 nm. the energy 
density of the incident laser tight, and particularly of sto 

Smer laser fight preferably ranges from 
approximately 10 to 5,000 mJ/cm 2 . and more pref- 
erably from 100 to 1,000 mJ/cm 2 / The preferable 
irracfiation time ranges from 1 to 1,000 hand sec- 
onds, and more preferably 1 0 to 1 00 nano seconds, zs 
A lower energy density or a shorter irradiation time 
may cause insufficient ablation* whereas a higher 
energy density or a longer irradiation time may 
cause excessive breakage of the separation layer 
2; It is preferable mat the incident fight 7 such as 30 
laser fight be incident such that the intensity is uni- 
form. 

The direction of the incident fight 7 is not timrted 
to tie direction perpendicular to the separation 
layer 2, and may be shifted by several degrees from 35 
the perpendicular direction. If tfie area of the sepa- 
ration layer 2 is larger than the irracfiation area per 
scan of the incident tight, the entire region of the 
separation layer 2 may be irradiated two or more 
times at the same position. AHematively. the same <o 
position or different positions may be irradiated with 
different types or different wavelengths (wavelength 
regions) of tfie incident fight (laser light). 

In this embodiment, the reflection layer 22 is 
provided at the side of the optical absorption layer <s 
21 away from the substrate 1, hence the optical 
absorption layer 21 can be effectively irradiated 
with the incident light 7 without any loss. Further, 
the irracfiation of me transferred layer 4 with the inci- 
dent fight 7 can be prevented by the shading char- so 
acteristfcs of the reflection layer (shading layer), 
preventing adverse effects, such as the modifica- 
tion and deterioration of the transferred layer 4. 

In particular, since the optical absorption layer 
21 is irradiated with the incident light without loss, ss 
the energy density of tfie incident light 7 can be 
reduced, or in other words, the irradiation area per 
scan can be increased; a given area of the separa- 



tion layer 2 can therefore be exfoliated atdecreased 
irracfiation times as an advantage in the production 



[6] As shown in Fig. 16, the separation layer 2 
remaining on the intertayer 3 is removed by, for 
example, washing, etching, ashing, or polishing, or 
a combination thereof. In the internal exfoliation of 
the separation layer 2 shown in Rg, 14, me optical 
absorption layer 21 remaining on the substrate 1 
can also be removed if necessary. 

When the substrate 1 is composed of an 
expensive or rare material such as quartz glass, it is 
preferable that the substrate 1 be reused (recy- 
cled). In other words, the present invention is appli- 
cable to a substrate to be reused, arid thus is highly 
useful. 

The transfer of the transferred layer 4 onto tfie 
transfer member 6 is completed by these steps. 
Trie removal of the intertayer 3 adjoining tfie trans- 
ferred layer 4 and formation of an additional layer 
may be incorporated- 

The configuration of the separation layer 2 is 
not firrifted to that shown in the drawings, and may 
include that comprising a plurality of optical absorp- 
tion layers which have at least one different prop- 
erty among tfie composition, thickness, and 
characteristics of the layer. For example, the sepa- 
ration layer 2 may be composed of three layers 
including a first optical absorption layer, a second 
optical absorption layer, and a reflection layer pro- 
vided therebetween. 

the interfaces between the sub-layers forming 
the separation layer 2 are not always dearly pro- 
vided, the composition of the layer, and the concen- 
tration, molecular structure, and physical and 
chemical properties of a given component may con- 
tinuously change (may have a gradient) near the 
interface. 

In this embodiment shown in the drawings, the 
transfer of the transferred layer 4 onto the transfer 
member 6 is described, such transfer is not always 
incorporated hi the exfoliatirig rnetfiod in accord- 
ance with the present invention. 

the exfoliating member can be used for vari- 
ous purposes as described in the first embodiment 
Various transfer members 6 other than that 
described above can also be used as in the first 
embodiment 

When the adhered member (detached mem- 
ber) is removed or when the transferred layer 4 is 
hot adversely affected by the incident fight 7, the 
incident light 7 is not always incident on tfie sub- 
strate 1, and may be incident on the side away from 
the substrate 1, In this case, it is preferable that the 
optical absorption layer 21 arid the reflection layer 
22 have a reversed positional relationship in the 
separation layer Z 

The exfoliating method in accordance with tfi 
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present invention has been described with refer- 
ence to this embodiment shown in the oVawings. the 
present invention, however, is not Gmited to this, 
and permits various modtfrcatjons as in the first 
embodiment (please refer to ttie description con- 
cerning the modrtcations in the first ernbocfirrierrt) 



iment will now be 



Examples of the second em 
described. 

(Example 1) 



A quart* substrate with a length of 50 mm, a width 
of 50 mm, and a thickness of 1.1 mm (softening point 
1.630 •aofetortion point 1.070 °Q and transmittance 
of exdmer laser: approximately 100%) was prepared, 
and a separation layer having a double-Cayered struc- 
ture Including an optical absorption layer and a reflect- 
ing layer was formed on one side of the quartz 



An amorphous silicon (a-Si) film as the optical 
absorption layer was formed by a low pressure CVD 
process ($i^ gas. 425 °CJ. The thickness of the opti- 
cal absorption layer was 100 rm A metallic thin fton 
composed of la as tiie reflecting layer was formed on 
the optical absorption layer by a sputtering process, the 
thickness of file reflection layer was 100 nm. ; and fine 
reflectance of the laser light was 60%. 

A SfOfc film as an interlayer was formed on the sep- 
aration layer by an ECR-CVD process (SiH4+02 gas. 
100 0 Q. The thickness of the interlayer was 200 nrrt 

An amorphous sSicon film with a thickness of 60 nm 
as a transferred layer was formed on the interlayer by a 
low pressure CVD process (S^H^ gas, 425 °C). and the 
amorphous silicon f am was irradiated with laser tight 
beams (wavelength: 308 nm) to modify the amorphous 
silicon f3m into a polycrystalline silicon film by crystalli- 
zation. The porycrystafline sificon fim was stfojected to 
patterning and ton plating to form a thin film transistor. 

A UV-curable aohesive (thickness: 100 nm) was 
applied onto the thin film transistor, a large, transparent 
glass substrate (soda glass, softening point 740 °C. 
distortion point 511 °C) as a transfer member Was 
adhered to the aGfrtestve film, and the outer surface of 
the glass substrate was irradiated with ultraviolet rays to 
foe these layers by curing the adhesive. 

The surface of the quarts substrate was irradiated 
with Xe-CI exdmer laser beams (wavelength: 308 nm) 
to cause exfoGatfon (interna! and interfacial exfoliation) 
of the separation layer. The energy density of the Xe-CI 
exdmer laser was 160 mJ/cm 2 . arid the irrao^atton time 
was 20 nano seconds. The excimer laser irradiation 
methods include a spot-beam irradiation method and a 
Onebeam irradiation rriethocf. In the spot-beam irracBa- 
tion method, a given unrt area (for example 10 mm by 10 
mm) is Irradiated with a spot beam, and the spot irradi- 
ation is repeated whie shifting the spot beam by about 
one-tenth the given unit area. In the fme-beam irracfia- 
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tion, a given unit area (for example 378 mm by 0.1 mm. 
or 378 mm by 0.3 mm (absorbina 90% or more of the 
incident energy)) is irradiated with while shifting the rate- 
beam by about one-tenth the given unit area. Each of 
the points of the separation layer is thereby irradiated at 
least ten times. The entire surface of the quartz sub- 
strate is irradiated with the laser, while shifting step by 
step the rracfiated area. 

Next, the quartz substrate was detached from the 
glass substrate (transfer member) at the separation 
layer, so that the thin f ilm transistor and interlayer were 
onto the glass sUbstrate. 
Trie separation layer remaining on the interlayer on 
substrate was removed by etching, washing. 



is or a combination thereof. A simitar process was appfied 



to the quartz substrate for recycling the substrate 
(Example 2) 

20 A thin flm transistor was transferred as in Example 
1. but an amorphous s3icon film containing 18 atomic 
percent of hydrogen (H) was formed as the optical 
absorption layer/ The hydrogen content in the amor- 
phous silicon film was controlled by the fdm deposition 

25 conditions in the low pressure CVD. 

(Example 3) 

A thin fim transistor was transferred as in Example 
30 1, but a ceramic thin flnj (composition: IWIQ3. tlwk- 
ness: 200 nm) as the optical absorption layer was 
formed by spin-coating and sol-gel processes. 

(Example 4) 

35 I 

A thin fim transistor was transferred as in Example 
1. but a ceramic thin flm (composition: BaTip3. thick- 
ness: 400 nm) as the optical absorption layer, and a 
metallic thin fdm composed of aluminum (thickness: 120 
40 nm. reflectance of laser Tight: 85%) as the reflection 
layer were formed by a sputtering process. 

(Example 5) 

45 A thin 19m transistor was transferred as in Example 
1. but a ceramic thin fta (composition: Pb(Zr.Tl)p3 
(PZT). thickness: 50 nm) as the optical absorption layer 
was formed by a laser ablation process, and a metaffic 
thin fflm (thickness: 80 nm, reflectance of laser fight 

so 65%) composed of an Fe-Cr afloy was formed by a sput- 
tering process. 

(Example 6) 

55 A thin flm transistor was transferred as in Example 
1 , but a poJyimide film (thickness: 200 nm) as the optical 
absorption layer was formed by a spin-coating process. 
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(Example 7) 

A thin film transistor was transferred as in Example 
1. but a praseodymium (Pr) film (rare earth nietal fflm) 
(thickness: 500 nm) as the optical absorption layer was s 
formed by a sputtering process. 

- ■ • " * 

(Example 8) 



A thin film transistor was transferred as in Example 
2. but Kr-F excimer laser beams (wavelength: 248 nm) 
were used as the incident fight The energy density of 
the laser beams was 160 mJ/cm 2 . and the irradiation 
time was 20 nano seconds. 

* - * - 

(Example 9) 



(Example 10) 

A thin film transistor was transferred as in Example 
1. but a potycrystatline silicon flm (thickness: 90 nm) as 
the transferred layer was formed by a high temperature 



process at 1,0 
(Example 11) 



A thin film transistor was transferred as m Example 
2, but a polycrystalline silicon f3m (thickness: 80 nm) as 
the transferred layer was formed by a high temperature 
process at 1 ,030 °C. 

(Example 12) 

A thin film transistor was transferred as in Example 
4, but a poryaystaOihe silicon flm (thickness : 80 nm) as 
the transferred layer was formed by a high temperature 
process at 1,030 °C 

(Examples 13 to 20) 

■ ■ 

A series of thin flm transistors were transferred as 
In Examples 12 to 19 of the first errtxxiiment 

The thin flm transistors transferred in Examples 1 
to 20 were observed visually and with a microscope All 
the thin flm transistors were uniformly transferred with- 
out forming defects and unevenness. 

As described above, tiie second embocfenent in 
accordance with the present Invention has advantages 
shown in the first embodiment, the transfenred layer, 
such as a thin film transistor, is prevented from adverse 
affects by the transmission of the incident light when the 
separation layer includes a shading layer, and particu- 
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A thin film transistor was transferred as in Example 
2. but Ar laser beams (wavelength: 1 ,024 nm) were 
used as the incident light The energy density of the 20 
laser beams was 250 rnJ/cm 2 , and me irradiation time 
was 50 nano seconds. 
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tarty a reflection layer, and the separation layer is 
effectively exfoliated by the use of the reflecting tight 
from the reflection layer; 

fTWrd Entxxftmenfl 

An exfoliating method in accordance with toe third 
embodiment of the present Invention wttl now be 
described in detail with reference to the attached draw- 
ings. In the third ernbocfirnent a thin flm device is used 
as the detached member or the transferred layer in the 
first embodiment 

Figs. 17 to 22 are cross-sectional views illustrating 
steps in accordance with this embocfirnent in the exfofia- 
ting method in accordance with the present invention. 
Each of me steps of the ex 

method) wfll be described with reference to these draw- 
ings. Since many matters are common to the first 
embodiment the same parts are identified by the same 
numerate and a detailed descnption wfll be omitted 
appropriately. Accordingly, matters which are different 
from the first embocSment win be described 

(Step 1] As shown in Rg. 17, a separation layer 
(optical absorption layer) is formed on a substrate 
100. The substrate 100 and the separation layer 
120 will be described. 

(1) Description of the substrate 100 
Preferably, the substrate 100 is composed 

of a transparent material which transmits tight. 
The light transmittance is identical to the first 
errtxxliment Also, the material and the thick- 
ness of the substrate 100 are identical to the 
first embocfirnent. 

(2) Description of the separation layer 120 
The separation layer 120 absorbs the inci- 
dent light to cause internal anoVor interfocial 
exfofiatioin, and preferably is cornposed of a 
material in which Inter-atomic or intermolecular 
adhering forces are reduced or eliminated by 
light irradiation to cause internal andVor interfa- 
cial exfoSation based on ablation. 

Further, gas causing exfoliating effects 
may be released from the separation layer 120 
by light irradiation in some cases, that is, a 
case in which components contained in the 
separation layer 120 are released as gas, and 
a case in which the separation layer 120 is 
instantaneously gasified by absorbing the inci- 
dent light and the released vapor corrtrtxrtes to 
exfoliation. The composition of such a separa- 
tion layer 120 is similar to that in the first 
embodiment 

Also, the thickness of the separation layer 
120 and the method for forming it are similar to 
those in the first embodiment. 
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JStep 2] Next, as shown in Fig. 18, a transferred 
layer (thin fflm device layer) 140 is formed on the 
separation layer 120. An enlarged cross-sectional 
view of the portion K (surrounded by a dotted fine In 
Fig. 18) ol the thin fflm device layer 140 is shown in $ 
the right side of Fig. 18. As shown in the drawing, 
the thin film device layer 140 is composed of a TFT 
(thin fim transistor) formed on a S1O2 fdrh (tnter- 
layer) 142, and the TFT includes source and drain 
layers 146 composed of an n-dcped pc4ycrystanine 10 
sificon layer, a channel layer 144, agate irtsuJating 
fim 148. a gate electrode 150. an insulating inter- 
layer 1 54, and an electrode composed of, for exam- 
pi e, aliirtkuirrt 

bi this errtxxfiment, although tie intertayer is 
adjoining the separation layer 120 is conposed of a 
Si0 2 film, it may be composed of any other insulat- 
ing firn, such as S^M*. The thickness of the S1O2 
fflm (intertayer) is adequately determined based on 
the purpose its functions, and 20 

ranges generally from approximately 10 nm to 5 
nm, and preferably 40 nm to 1 urn. The intertayer is 
formed for various purposes, and functions as at 
least one of a protective layer physically or chemi- 
cally protecting the transferred layer 140, an insu- zs 
lating layer, a conductive layer, a shading; layer to 
laser fight, a barrier layer for preventing migration, 
and a reflection layer. 

In some cases, the transferred layer (thin tfm 
device layer) 140 may be directly formed on the 30 
separation layer 120, by omitting the formation of 
the interlayer. such as the SK^ fflm. 

The transferred layer (thin fflm device layer) 
140 includes a thin film device such as a TFT. as 
shown in the right side of Fig. 18: As wed as a TFT. 35 
other tivn film devices shown in the first embocfi- 
merrt can also be used, these tfu'n film devices are 
generally formed at a relatively high process tem- 
perature inherent to the formation method. Thus, as 
described above, the siibstrate 100 must have high 40 
retiabffity and must be resistant to the process tem- 
perature. " 

(Step 3] As shown in Fig. 19. the thin fibn device 
layer 140 is adhered to a transfer member 180 
using an adhesive layer 160. Preferable examples 45 
of adhesfves forming the arJBiesive layer 160 are 
described in the first embodiment 

When using a cwable adrtesrw, for example, 
the curable adhesive is applied onto the transferred 
layer (thin film device layer) 1 40, the transfer mem- so 
bet 180 is axftiered thereto, the curable adhesive is 
cured by a curing method in response to the prop- 
erty to adhere the transferred layer (thin fflm device 
layer) 140 with the transfer member 180 In the 
case where a photo-setting adhesive is used, the 55 
outer surface of the transparent substrate 100 or 
transparent transfer member 1 80 (or both outer sur- 
faces of the transparent substrate and transparent 



transfer member) is irracSated with light A photo- 
setting adhesive, which barely affects the thin «m 
device layer, is preferably used as the adhesive. 

Instead of the method shown in the drawing, 
the adhesive layer 1 60 may be formed on the trans- 
fer member 180 and the transferred layer (thin «m 
device layer) 140 may be adhered thereto. Alterna- 
tively, the formation of the adhesive layer 160 can 
be omitted when the transfer member 180 has 
adhesive characteristics. 

Examples of the transfer members 180 are 
described in the first embocSment 
[Step 4] As shown in Rg. 20, the rear side of the 
substrate 100 is irradiated with fight The fight pass- 
ing through the substrate 100 is irnadent on the sep- 
aration layer 120. As a result, internal and/or 
irtterfactal exfoliation, which reduces or eliminates 
the adhering forces, occurs. It is presumed from the 
occurrence of the internal and/or interfecsa) exfofia- 
tion tn the separation layer 120 that ablation of the 
constituents in the separation layer 120 occurs, that 
gas retained in the separation layer 1 20 is released, 
and that phase transition such as melting or vapor- 
ization occurs immediately after the light irradiation. 

Wherein the word "ablation" has the same 
meaning as in the first embocSment 

The incident fight is identical to the tight used in 
tiie first embodiment In particular, excimer lasers 
are preferably used. The excimer lasers output high 
energy laser beams in a shorter wavelength range 
which cause ablation in the separation layer ,120 
within a significantly shorter time. The separation 
layer 120 is therefore cleaved substantiatiy without 
the temperature rise, and thus without deterioration 
or damage of the adjacent or adjoining transfer 
member 180, and substrate 100. 

If the ablation of the separation layer 120 is 
dependent on the wavelength of the incident fight, H 
is preferable that the wavelength of the incident 
laser beam be approximately 100 nm to 350 nm. 

. Fig. 23 is a graph of transmittance vs. wave- 
length of fight in the substrate 100. As shown in the 
graph, the transmittance increases steeply at a 
wavelength of 300 nm In such a case, tight beams 
having a wavelength of higher than 300 ran (for 
example, Xe-Ct excimer laser beams having a 
wavelength of 308 nm) are used. When exfoliating 
the separation layer 120 by means of phase transi- 
tion, for example, gas evolution, vaporization, or 
summation, it is preferable that the wavelength of 
the Incident laser beam be approximately 350 nm to 
1,200 nm. 

The energy density of the incident laser light 
beam, and particularly of the excimer laser light 
beam, is similar to that in the first errtxxfiment 

When the fight passing through the separation 
layer 120 reaches the transferred layer 140 and 
adversely affects the layer, a metallic film 124 com- 
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posed of tantalum (Ta) etc, may be formed on th 
separation layer (laser absorption layer) 12Q. The 
laser light passing trough the separation layer 120 
Is oompleteJy reflected on the interface with the 
metallic film 124; and thus does not affect the thin 5 
12m device provided on the metaffic film, ft is prefer- 
able tfiat the Intensity of the incident fight such as 
laser fight be uniform. The direction of the incident 
fight is not always perpendicular to the separation 
layer 120, and may be shifted by a given angle from %o 
the p^fpendicular cGrection. 

H the area of the separation layer 120 is larger 
than the irradiation area per scan of the incident 
fight the entire region of the separation layer 120 
may be irradiated two or more times at fte same is 
position. Alternatively, the same position or different 
positions may be irradiated with different types or 
different wavelengths (wavelength regions) of the 
incident light (laser fight) 

Next, as shown in Rg. 21 , the substrate 100 is 20 
detached from the separation layer 120 by applying 
a force to the substrate 100. Apart of the separa- 
tion layer may remain on ffie substrate after tiie 
detachment not shown in Fig. 21. 

As shown in Fig: 22, the residual separation 2s 
layer 120 is removed by etching, ashing, washing, 
pcfishtng or a combinafion thereof. The transferred 
layer (thin film device layer) 140 is thereby trans- 
ferred onto the transfer member 180. Also, the moi- 
ety of the separation layer remaining on the 30 
substrate 1 00 is removed. When the substrate 100 
is composed of an expensive or tare material such 
as quartz glass, it is preferably reused (recycled). 
That is, the present invention is applicable to the 
substrate 100 to be reused, and is useful. 3S 

The transfer of the transferred layer (thin film 
device layer) 140 onto the transfer member 1 80 is 
completed by these steps, the Si0 2 * im adjoining 
the transferred layer (thin fflm device layer) 140 may 
be removed, or a conductive layer for wiring and/or ao 
a protective film may be formed on the transferred 
layer 140. 

In the present invention, the transferred layer 
(thin fam device layer) 140 is not directly separated 
as the detached member, but the separation layer as 
adhered to fte transferred layer (thin film device 
layer) 140 is exfofiated, hence uniform exfoliation or 
transfer is easily, securely; and uniformly achieved 
regardless of characteristics and conditions of the 
detached member (transferred layer 140). Since so 
the detached member (transferred layer 1 40) is not 
damaged during the exfoliating operation, at can 
maintain high reliability. 

Examples 1 to 19 in the first embodiment can 
also be applied to the third ernbocfimerrt. 55 



(Fourth Embodiment 

Ihe fourth embodiment includes a modification of a 
step in the third embodiment 

[Formation of an Arnorphous Silicon Layer in the Step 1] 

When the separation layer 120 is composed of 
amorphous silicon (a-Si), H is preferably formed by a 
chemical vapor deposition (CVD) process, and particu- 
larly by a low pressure (LP) CVD process, compared 
with plasma CVD, atmospheric pressure (AP) CVD, and 
ECR processes. For example, an amorphous sfficon 
layer formed by the plasma CVD process contains a rel- 
atively large quantity of hydrogen. The presence of 
hydrogen makes the ablation of the amorphous sfficon 
layer easy, wherein hydrogen is released from the amor- 
phous sificon layer at a temperature of higher than 350 
°C. The evolution of hydrogen during the step forming 
me thin film device may cause exfoliation of the torn. 
Further, the plasma CVD film has relatively low adhe- 
siveness, hence the substrate 100 may be detached 
from the transferred layer 140 in tf>e wet washing step in 
the production of the device. In contrast, the LPCVD f 1m 
has no possibility of evolution of hydrogen and lias suf- 
ficient adhesiveness. 

The thickness of the amorphous sificon layer 120 
as the separation layer will be descrtoed with reference 
to Fig. 39. In Fig. 39. the horizontal axis represents the 
thickness of the amorphous sificon layer, and the verti- 
cal axis represents the optical energy absorbed in flis 
layer. As described above. When the arnorphous sificon 
layer is irradiated with light, ablation occurs: 

The word "ablation" means tiiat solid components 
(the constituents of the separation layer 120), which 
absorbed the incident fight, are photochemically and 
thermally excited and atoms and molecules in the solid 
components are released by the chain scission. The 
ablation is observed as phase transition such as melting 
or vaporization in the partial or entire constituents of the 
separation layer 120. Also, fine foaming may be formed 
by the phase change, resulting in a decreased adhering 
force. 

The absorbed energy required for the ablation 
decreases with a decreased thickness, as shown in Fig 

39. 

Accordingly; the thickness of Ihe amorphous sificon 
layer 120 as the separation layer is reduced in this 
eirtxxfrhent The energy of the fight incident on the 
arnorphous sificon layer 120 is thereby reduced, result- 
ing in tower energy consumption and miniaturization of 
the light source unit 

The tfuckness level of the amorphous silicon layer 
120 as the separation layer wil now be investigated. As 
shown in Fig. 39, the absorbed energy required for the 
ablation decreases as the thickness of amorphous sfli- 
con decreases/ According to the present inventors 
investigation, it is preferable that the thickness be 25 nm 
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or less, hence ablation can occur by th power of a gen- 
eral tight source unit Although the lower Emit of the 
thickness Is not limited, a lower Krnrt of 5 run may be 
determined In view of the secure formation and adhe- 
siveness of the amorphous silicon layer. Accordingly, 
the preferable thickness of the amorphous silicon layer 
120 ranges from 5 nm to 25 nm, and more preferably 15 
run or less lor achieving further energy saying and 
higher adhesiveness. The optimum range of the mick- 
ness Is 11 nm or less, and the absorbed energy 
required for the ablation can be signTicantry decreased 
near that tiild 



[Fifth ErnbocSmenfl 

The fifth embodiment includes a modification of a 
step in the tiiird or fourth embodiment 

[Reinforcement of the Transfer Member in the Step 3] , 

Atthough the transfer member 180 has preferably a 
certain amount of rigidity as a mechanical property, it 
may have flexibility or elasticity. Such a mechanical 
property of the transfer member 180 is determined in 
considerafkMi of the following point When the separa- 
tion layer 120 is irradiated with fight the constituent 
material of the separation layer 120 photochemical!/ 
or thermally excited, and molecules or atoms on and in 
the layer aire cleaved to release molecules or atoms out- 
side ft is preferable that the transfer member 180 has 
irtechanical strength which is resistant to the stress act- 
frig on the upper portion of the separation layer 120 
accompanied by the release of molecules or atoms. A 
deformation or breakage at tie upper portion of the sep- 
aration layer 1 20 can he thereby prevented: 

Such mechanical strength may be imparted not 
only to the transfer member 180, but also to at least one 
layer lying above the separation layer 120, that is, the 
transferred layer 140, the aoSiesive layer 160, and the 
transfer member 180. The materials for and thicknesses 
of the transferred layer 140, adhesive layer 160, anci 
transfer member 180 can be deterrraned « order to 
achieve such mechanical strength. 

When a combination of the transferred layer 140, 
adhesive layer 160 and transfer member 1 80 does not 
have sufficient mechanical strength, a reinforcing layer 
132 may be formed at an appropriate position above the 
separation layer 120, as shown in Figs. 42(A) to 42(E). 

The reinforcing layer 132 shown in Fig. 42(A) is pro- 
vided between the separation layer 120 and the trans- 
ferred layer 140. After forming exfofiatton in the 
separation layer 120 and detaching the substrate 100, 
the reinforcing layer 132 can be removed together with 
the remaining separation layer 120 from the transferred 
layer 140. As shown in Fig. 42(B), the reinforcing layer 
132 provided above the transferred layer 180 can also 
be removed from the transferred layer 180, after the 
separation layer 120 is cleaved. The reinforcing layer 



10 



132 shown in Fig; 42(G) intervenes as. for example, an 
insulating layer in the transferred layer 140 composed of 
a plurality of layers. Each reinforcing layer 132 shown in 
Figs. 42(D) and 42(E) is placed under or on the adhe- 
sive layer 160. tn such a case, it jbannbt be removed 
later. 

... ..-t 

(Sixth Embodiment 

The sixth embodiment includes a mootfication of a 
step in any one of the thM, fourth, and ftfth embodi- 
ments. . 



[Formation of an Amorphous Silicon-Based Optical 
is Absorption Layer as the Separation Uyer in the Step 4] 

It is preferable that a method shown in Fig. 40 or 4 1 
be employed instead of the method shown in Fig. 38. fai 
Fig. 40, an amorphous siHcon layer 120 is employed as 

20 fie separation layer, and another amonphous sificon 
layer 126 is also employed as a saicon-based optical 
absorption layer. In order to separate these two amor- 
phous sflicon layers 120 and 126, a silicon oxide (SiCfe) 
fim Intervenes as a silicon-based intervening layer. 

25 Even if the incident fight passes through the amorphous 
sificon layer 1 20 as the separation layer, me transmitted 
fight is absorbed in the amorphous silicon layer 126 as 
the sfficon-based optical absorption layer. As a result, 
the thin tarn device provided thereon is not adversely 

so affected. Since tfie two additional layers 1 26 and 128 
are composed of sificon, metaJic contamination etc. 
does not when using an established conventional film 
deposition technology. 

When the thickness of the amorphous silicon layer 

35 120 as the separation layer is larger than the thickness 
of tfte amorphous silicon layer 126 as the optical 
absorption layer, exfoliation in the amorphous sificon 
layer 126 can be securely prevented. Regardless of 
such a relationship of the thicknesses, however, the 

40 optical energy incident on the amorphous silicon layer 
1 26 is considerably lower than the optical energy inci- 
dent on the amorphous sificon layer 120 as the separa- 
tion layer, no ablation occurs in the amorphous sificon 
layer 126. 

45 Fig. 41 shows a case providing a silicon-based opti- 
cal absorption layer 130 composed of a different mate- 
rial from thai of the separation layer 120. wherein the 
silicon-based jnteryening layer is not always necessary. 
When a countermeasure to optical leakage in fte 

so separation layer 120 is employed as shown in Fig. 40 or 
41, adverse effects to the tfiln fflm device can be 
securely prevented even if the optical absorption energy 
for exfoliating the separation layer 120 is high. 
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The seventh embodiment includes a modification of 
a step in any on of the third to sixth embodiments. 
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(Modification of Irradiation with Ught in the Step 4] in accordance with the cBstrfcution of the optical 

intensity shown in Rg. 46. each fine beam 10 has a flat 

A method of irracDalion with light, which is statable peak 10a having a maximum inten^^^ 

for a case not having ra metallic film 124 shewn in Rg. 38 rruned region including the beam center. The two acja- 

and does hot affect the thin fim device, will now be s cert line beams 10 and 10 are scanned such that the 

descrbed with reference to the drawings from Rg. 43 two con-esponcfihg flat peaks 10a do not overlap with 

onwards. each other. 

Figs. 43 and 44 show a method for irradiating In contrast according to the distribution of the opti- 

almost the entire separation layer 120 with tight In each cal intensity shown in tig. 47. each line beam 10 has a 

drawing, the number of scanning times of line beams is io beam center with a maximt^ irtensity, wherein the opti- 

represented by N, arid beam scanning is performed cal intensity decreases at a point olstart from the beam 

such that the region 20(N) irradiated with the N-th tine center. The two adjacent line beams 10 and 10 are 

beam 10 does not overlap with the region 20(N+1) Irra- scanned such that tie two beam-effective regions hav- 

cSated with the (N+1)-th fete beam id. As a result, a tow- ing an intensity which is 90% of the maximum intensity 

or non-irrao1a6on region 30 which is significantly nar- is of each Sne beam 10 do not overlap with each other, 

rower than each irradiated region is formed between the As a result the total dose (summation of products 

two aojacent regions 20(N) and 20(N+1). of optical intensifies by eradiated times at each position) 

When the fine beam 10 is moved to the direction of the fight beams incident on the doubryHrradiated 

shown by the arrow A in relation to the substrate 100 region 40 fe lower than that of the flat region or beanv 

while radiating the beam, a tow-irradiation regfon 30 fe so effective region. The cfcubry-irracfiated region 40, there- 

formed. Atternativeiy. when the beam is not radiated fore, wifl first be cleaved at the second irradiation of the 

coring such a movement, a non-irradiation region 30 is beams, and this does not correspond to the excessive 

fanned, irradiation of beam, ff the relevant region of the separa- 

If the regions irradiated by different line beams fion layer is cleaved at the hrst irradiation, the intensity in 

overlap with each other, the separafion layer 120 is irra- 25 the secxxid irradiation of the light beam, which is inci- 

cfiated with an excessive amount of incident light which dent on tfie thin fam device, is reduced, hence deterio- 

is larger than that required for internal and/or irterfacial ration of the electrical characteristics of the fori flm 

exfoia&on: When the fight leaked from the separation device can be prevented or stgnfficantfy reduced to a 

layer 120 is incident on the transferred layer 140 inctud- pracj^ leyel. 

ing a thin fflm device, electrical and other characteristics 30 bi order to suppress leakage of light in me doubly- 

of tie thin film device will deteriorate. irratfated region 40. it is preferable that the intensity of 

In the method shown in Rgs. 43 arid 44. the sepa- each beam which is incident on the doubty-irradiated 

ration layer 120 is not irradiated with such excessive region 40 be less than 90%. more preferably 80% or 

light hence the original characteristics inherent to the less, ami most preferably 50% or less of the maximum 

thin film device can be maintained after the it is trans- ss intensity at the center cA each beam When the intensity 

ferred onto the transfer member. Although exfofiating of the beam is sigrtficantly high so that exfoliation 

does not occur in tfie low- or non-irracBation region 30 in occurs at an intensity which is half (50%) the maximum 

the separation layer 120. the adhesiveness between the intensity of the beam, overlapping at regions in which 

separation layer 120 and the substrate 100 can be sat- the intensity is higher than half of the maximum intensity 

isfactorily reduced by exfoliating in the regions irradiated 40 may be avoided. 

with the fine beams. Such irradiation modes can also be applicable to 

An example of beam scanning in view of the intern beam shapes, such as a spot beam, other than a trie 

sity of the line beam 10 wifl be described with reference beam. In the spot beam scanning, vertical and horizon- 

to Figs. 44 to 47. tal relationships between the acfacent irr^^ regions 

In Fig. 44. beam scanning is performed such that <s must be taken into account 

the region 20(N) irradiated with the N-th fine beam 10 The direction of tie incident fight including laser 

overlaps with the region 20(N+1) irracfiated with the fight is not IfcnHed to the direction perpendicuiar to the 

(N+1)-th fine beam 10. A doubly-irraolated region 40 is separation layer 120. and may be shifted by a given 

therefore formed between the two adjacent regions . angle from tfie perpendicular cfirectiw as long as the 

20(N)and 20(N+1K so intensity c*tfie iriciJerit fight is substa^afly urd^ in 

The following descrfrjtion te an ex^ tfie separi^tfcm layer 120. 

leakage caused by excessive incident light does not An example in accordance with the present invert- 

occur in the doubly-irracSated region 40 in tfie separa- tion will now be described. The example corresponds to 

tfon layer 120 and why the original characteristics of the a rnodification of the laser irradiatiori in Example 1 of the 

thin fflm device can be maintained. ss third ernbodiment 

Rgs, 46 and 47 are graphs of distributions of optical 
irttensity vs. the position of the two adjacent fine beams 
10 and 10 in beam scanning. 
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(Modified Example 1) 

*• * • * s 

■ • . - • ■• . ••»•.-•••• 

A quartz substrate with a length of 50 mm, a width 
of 50 mm, and a thickness of 1.1 mm (softening point 
1,630 •C, distortion point: 1.070 °C, and transmtttance 
of, excimer laser: approximately 100%) was prepared, 
and an amorphous sHicon (a-Si) film as a separation 
layer Oaser-absorption layer) was formed on the one 
side of the quartz substrate by a low pressure CVD 
process (SigHe gas. 425 °C). The thickness of the sep- 
aration layer was 1 00 nm. 

A SiCfe fflm as an interfayer was formed on the sep- 
aration layer by an ECR-CYD process (S1H44O2 gas, 
100 ?C); The thickness of the ihtertayer was 200 nm. , 

A pcJycfystaJfine sfficon (or ppfyccy^Bne sfficon) 
film with a thickness of 50 nm as a transferred layer was 
formed on the intertayer by a CVD process (S^l^ gas). 
The potycrystaline sificon film was patterned to form 
sc4Jfoe/drain/channeJ regions of a thin film transistor. 
After a Si0 2 gate insulating film was formed by therrnaJ 
oxidation of the surface of the polycrystalline siicon film, 
a gate electrode (a structure in which a 
point metal, such as Mo, was deposited on 
talfine sificon) was formed on the gate insulating film, 
and source and drain regions were formed by self afign- 
ment by means of ion implantation using the gate elec- 
trode as a mask. A thin film transistor was thereby 
formed. 

A thin tarn transistor having similar characteristics 
can be formed by a low temperature process instead of 
such a high . temperature process. For example, an 
amorphous sificon film with a thickness of 50 ran as a 
layer was formed on a S^ fimas an inter- 
on the separation layer by a low pressure CVD 
process (Si^ gas. 425 °C), and the amorphous sificon 
film was irradiated with laser beams (wavelength: 308 
nm) to modify the amorphous sificon into a polycr ystal- 
fine sificon film by ciystatfczation. The potycrystalline sil- 
icon fdm was patterned to form source/drairw^channei 
regions having a given pattern of a thin film transistor. 
After a SiOg gate insulating f dm was deported on the 
noncrystalline silicon flm by a low pressure GVD proc- 
ess, a gate electrode (a structure in which a high melt- 
ing point metal, such as Mo, was deposited on toe 
polycrystalline silicon) was formed on the gate insulat- 
ing fibn. and source and dram regions were formed by 
self afignment by means of ion implantation using the 
gate electrode as a mask A thin film transistor was 
therebytormed. 

Next, electrodes and leads connected to the source 
and drain regions and leads connected to the gate elec- 
trode were formed, if necessary. These electrodes and 
leads are generally composed of aluminum, but not for 
the imitation. A metal (not melted by laser irradiation In 
the succeeding step) having a rhelfing point higher tiian 
that of aluminum may be used if melting of aluminum is 
expected in the succeeding laser irradiation step. 

A UV-curaWe adhesive (thickness: 100 nm) was 
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applied onto the thin film transistor, a large, transparent 
glass substrate (soda glass, softening point 740 °C. 
distortion point 511 °C) as a transfer member was 
adhered to the adhesive flm, and the outer surface of 
the glass substrate was irracSated with ultraviolet rays to 
fix these layers by curing the adhesiva 

The surface of the quartz substrate was irracfiated 
with Xe-CI excimer laser beans (wavelength: 309 nm) 
to cause exfoliation (internal iwd interfacial exfoliation) 
erf the separation layer. The energy density of the Xe^CI 
exdmer laser was 250 rrwWcrn 2 . and the initiation time 
was 20 nano seconds. The excimer laser irracSation 
methods include a spot-beam irradiation method and a 
fine-beam irracfiation method. In tie spot-beam irracfia- 
tion method, a given unit area (for example 8 mm by 8 
mm) b irracfiated with a spot beam, and the spot irradi- 
ation is repeated while scanning the spot beam such 
that irradiated regions do not overlap with each oflier fin 
the vertical and horizontal cfirections), as shown in Rg. 
43. In the fine-beam irracfiation, a given unit area (for 
example 378 mm x OA awn. or 378 mm x 0.3 mm 
(absorbing 90% or more of the incident energy)) is irra- 
diated while scanning the One-beam such that irracfiated 
regions do not overlap, with each other, as shown in Rg. 
43. Alternatively, irradiation may be performed such that 
the total intensity of the beams is reduced in the doubfy- 
irracfiated region. 

Next, the quartz substrate was detached from the 
glass substrate (transfer member) at the separation 
layer, so that the thin film transistor and intertayer 
formed on the quartz substrate were transferred onto 
the glass substrate. The separation layer remaining on 
the intertayer on the glass substrate was removed by 
etching, washing, or a combination thereof. A similar 
process was applied to the quartz substrate for recy- 
cling it 

When the glass substrate as the transfer mender is 
larger than the quartz substrate, the transfer from the 
quartz substrate to the glass substrate in accordance 
with this example can be repeated to form a number of 
thin film transistors on different positions on the quartz 
substrate. A larger number of thin fflm transistors can be 
formed on the glass substrate by repeated deposition 



{Eighth Embodknenfl 

An exfoliating method hi accordance with the eighth 
embodiment of the present invention wffl now be 
described in detail with reference to the attached draw- 
ings. In tfie eighth embocfiment the exfoliation member 
or transferred layer in any one of the first to seventh 
ernbodiments is composed of a CMOS-TFT. ; 

Rga24to34arecross^ectk^viewsof the steps 
in the exfoliating method in Ihis errixxfiment 

[Step 1] As shown in Rg. 24, a separation layer (for 
example, an amorphous sificon layer formed by a 
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LPCVD process) 120. an interlay er (for example, 
81O2 film) 142, and ah amorphous sificon layer (lor 
example, formed by a LPCVD process) 143 are 
deposited in that order on a substrate (for example, 
a quartz substrate) 100. and then the entire amor- 
phous silicon layer 143 is irradiated with laser fight 
beams to anneal the layer. The amorphous sificon 
layer 143 is thereby mocfified into a polycrystalline 
layer by recrystalGzatiom 
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icon layer formed by laser annealing is patterned to 
form Islands 144a and 144b: 
(Step 3} As shown in Fig: 26. gate instiatmg films 
146a and 148b are formed -tip cover the islands 
144a arid 144b. for example, by a CVD process. 
{Step 4J As shown in Fig. 27. gate electrodes 150a 
and 150b composed of porycrystainne silicon or 
metal are formed. 

{Step s] As shown In Rg. 28. a mask layer 170 com- 
posed orapofyimide resin etc. is formed, and for 
example, boron (B) is ion-implanted by self-align- 
ment using the gate electrode 150b and the mask 
layer 170 as masks. p-Doped layers 172a arid 172b 
are thereby formed. 

[Step 6] As shown in Fig. 29. a mask layer 1 74 com- 
posed of a pofyirride resin etc. is formed; and for 
example, phosphorus (P) is km^npianted by self- 
aSgnment using the gate electrode 150a and the 
mask layer 174 as masks. n-Doped layers 146a and 
1 46b are thereby formed. 

{Step 7] As shown in Fig. 30, an insulating interlayer 
154 is formed, contact holes are selectively formed, 
and then electrodes 152a to 152d are formed: 

The formed CMOS^TFt corresponds to the 
transferred layer (thin film device) shown in Figs 18 
to 22. A protective film may be formed on the insu- 
lating interlayer 154. 

[Step 8] As shown in Rg. 31. an epoxy resin layer 
160 as an adhesive layer is formed on the CMOS- 
TFT. and then the TFT is adhered to the transfer 
member (for example, a soda-glass substrate) 1 80 
with the epoxy reski layer 160. The epoxy resin is 
cured by heat to fix the transfer member 160 and 



A photo-polymeric resin which is a UV-curable 
adhesive may also be used as the adhesive layer 
160. In such a case, tie transfer member 180 is 
Gradated with ultra-violet rays to cure the polymer. 
[Step 9] As shown in Rg. 32. the rear surface of the 
substrate 100 is irraclated with, for example, Xe-CI 
exdmer laser beams in order to cause internal 
and/or interfacial exfoliation of the separation layer 
120. 

(Step 101 As shown in Rg 33, the substrate 100 is 
detached. 

{Step 11] The separation layer 120 is removed by 
etahing. As shown in Rg 34, thereby, the CMOS- 
TFT is transferred onto the transfer member 180. 
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[Ninth Embodiment] 



The use of transfer technologies of thin fUrh devices 
descrfoed in the first to eighth embodiments envies the 
formation of a mtoocornputer composed of thin fSm 
devices on a given substrate, for example, as shown In 
Fig, 35(a). In Rg. 35(a). on a flexble substrate 182 com- 
posed of plastic etc:, a CPU 300 provided with a circuit 
including thin film devices, a RAM 320, an irput-output 
circuit 360, and a solar battery 340 having PIN-junction 
of amorphous silicon for supplying electrical power to 
these circuits are mounted. Since the mtoocomputer in 
Rg. 35(a) is formed on the flexUe substrate, it is resis- 
tive to bencSrtg. as shown in Rg. 35(b), and to dropping 
because of its fight weight 

(Tenth Entfxxfimentj 



An active matrix liquid crystal display device, shown 
in Figs. 36 and 37, using an active matrix substrate can 
be produced by a transfer technology of any one of the 
first to fourth embodiments. 

As shown in Fig. 36; the active matrix liquid crystal 
display device is provided with an fllurrtsnation source 
400 such as a back light, a polarizing plate 420. an 
active matrix substrate 440. a fiqukJ crystal 460. a coun- 
ter substrate 480, and a polarizing plate 500 

When a flexfcrfe active matrix substrate 440 and a 
counter substrate 480 such as plastic film are used, a 
flextole, lightweight active matrix fa^d crystal panel 
resistant to impact can be achieved by substituting a 
reflecting fiqukl crystal panel using a reflective plate 
instead of the illumination source 400 When the pixel 
electrode is formed of metal, the reflecting plate and the 
polarizing plate 420 are not required. 

The active matrix substrate 440 used in this embod- 
iment is a driver-built-in active matrix substrate in which 
a TFT is provided in a pixel section 442 and a driver cir- 
cuit (a scanning fine driver and a data fine driver) 444 is 
built in. 

A circuit of a main section of the active matrix liquid 
crystal olsplay device is shown in Fig. 37. As shown in 
Rg. 37. in a pixel section 442, a gate Is connected to a 
gate line Q1 , arid either a source or a drain is connected 
to a data line D1 . Further, the pixel section 442 Includes 
a TFT (Ml) and atiqukJ crystal 460. wherein the other of 
the source and drain is connected to the liquid crystal 
460. A driver section 444 includes a TFT (M2) formed 
by the same process as for the TFT (Ml) in the pixel 
section 442. 

The active matrix substrate 440 including TFTs (Ml 
and M2) can be formed by tfie transferring method in 
accordance with either the third or fourtfi errtootfment 



55 (Industrial Appficabflityl 

In accordance with the present invention as 
descrfoed above/various types of exfofiation members 
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(detached members) capable of forming on substrates 
are transferred onto transfer members which are ofter 
than the substrates which are used in the formation of 
the exfofiation memb^ so that the exfoliate 
are arranged on the transfer members which are other 
than the substrates used in the formation of the exfofia- 
tion. rriembers. Accordingly, the present ; invention is 



uid crystal devices $nd semiconductor integrated cir- 



maims 



An exfoliating method for exfoliating a detached 
member, which is present on a substrate with a 
separation layer therebetween, from said substrate, 
wherein said separation layer is irradiated 
with incident light so as to cause exfo&atiori in said 
separation layer and/or at the Interface, and to 
detach s»d detached member from said substrate. 

An exfofiating method for exfoliating a detached 
member, which is present on a transparent sub- 
strate with a separation layer therebetween, from 
said transparent substrate, 

wherein said separation layer is irradiated 
With incident fight from the side erf said transparent 
substrate so as to cause exfoliation in said separa- 
tion layer andfor at the interface, and to detach said 
detached 



3- An exfoliating method for etiolating a transferred 
foyer, formed on a substrate with a separation layer 
therebetween, from said substrate and for transfer- 
ring said transferred layer onto a transfer member, 
. wherein after said transfer member is 
sobered to the Opposite side of said transferred 
layer to said substrate. 

said separation layer is irradiated with incident 
fight so as to cause exfoliation in said separa- 
tion layer and/or at the interface, and to detach 
said transferred layer from said substrate to 
transfer onto said transfer member 

4. Ah exfoliating method for exfofiating a transferred 
layer, formed on a transparent substrate with a sep- 
arafion layer therebetween, from said transparent 
substrate and for transferring said transferred layer 
onto a transfer member. 

wherein after said transfer member is 
adhered to the opposite side of said transferred 
layer to said transparent substrate, 

said separation layer is trratfated with incident 
light from the side of said transparent substrate 
so as to cause exfoliation in said, separation 
layer and/or at the interface, and to detach said 



TO 



transferred layer from said transparent sub- 
strate to transfer onto said transfer member. 



5. An exfofiating method comprising the 
steps of: V : . .. 



forming a separation layer on a transparent 
substrate, 

forming a transferred layer on said separation 
layer cfirectry or with a given foterlayer therebe- 
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adhering said transfer member to the opposite 
side of said transferred layer to said transpar- 
ent substrate, arid 

irracRafing said separation layer with incident 
light from the side of said transparent substrate 
so as to cause exfoliation in said separation 
layer and/or at the interface, and to detach said 
transferred layer from said, transparent sub- 
strate to transfer onto said transfer member. 



6. The exfoliating method according to claim 5, 
wherein said exfofiating method further comprises a 
step for removing said separation layer ao^ered to 
the side of said transparent substrate arxt/or trans- 
fer member, after tfie transfer of said transferred 
layer onto said transfer member 



7. 
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The exfofiating method according to any one of 
claims 3 fcfe. wherein said transferred layer is a 
functional thin f flm or a thin film 
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8. The exfofiating method according to any one of 
claims 3 to 6, wherein said transferred layer is a thin 
f 9m transistor. 

9. The exfoliating method accorolng to any one of 
claims 3 to 8, wherein said transfer member Is a 
transparent substrate, 

1 0. The exfofiating method according to any one of 
claims 3 to 9, wherein when the maximum temper- 
ature in the formation of said transferred layer is 
Tmax, said transfer member comprises a material 
having a glass transition point (Tg) or softening 
point which is lower than Tmax. 

11. The exfofiating method accortfing to any one of 
claims 3 to 10, wherein saJd transfer member com- 
prises a material having a glass transition point (Tg) 
or softening point which is lower than 800 °C. 

12. The exfoGating method according to any one of 
claims 3 to ll, wherein said transfer member com- 
prises a synthetic resin or glass.. 

13. The exfofiating method according to any one of 
claims 1 to 1 2. wherein said substrate has thermal 
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14. The exfoliating method acconcCng to any one of 
claims 3 to 12, wherein when the maximum terhper- 
ature in the formation of said transferred layer is 
Tmax, said substrate comprises a a 
distortion point which is lower than Tmax. 



15. The exfofiating method accorcfing to any one of 
claims 1 to 14. wherein the exfoliation of said sepa- 
ration layer is caused by an elirrtnatkm of or a 
decrease in the adhering force between atoms or 
molecules in the constituent substances in said 
separation layer. 

16. The exfoliating method according to any one of 
claims 1 to 15. wherein said Incident Bght is laser 
ight 

17. The exfoliating method according to claim 16. 
wherein said laser light has a wavelength of 1 00 nm 
to350nra 

18. The exfoliating method according to claim 16. 
wherein said laser fight has a wavelength of 350 nm 
to 1*200 nm 



21. The exfoliating method accorcfing to any one of 
claims 1 to 18. wherein said separation layer com- 
prises a ceramic. 

22. The exfofiating method according to any one of 
claims 1 to 18. wherein said separation layer com- 
prises a metal. 

23. The exfoliating method accorcfing to any one of 
claims 1 to 18, wherein said separation layer com- 
prises an organic polymer. 

24. The exfoliating method according to daim 23. 
wherein said organic polymer has at least one 
adhere selected from the group cxjnsistihg erf -CHz- 
,-CCK -CONHs -NH-. -COa.>N^N-, and -CH-N-. 



25. The exfofiating method according to either claim 23 
or 24, wherein said organic polymer has an aro- 
matic hydrocarbon group in the chemical formula; 



26, The exfofiating method according to any one of 
1 to 25. wherein said separation layer com- 



prises a composite material including a plurality of 
sub -layers. 
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19. The exfoliating method according to any one of 
claims 1 to 18. wherein said separation layer com- 
prises amorphous silicon. 30 

20. The exfofiating method according to daim 19. 
wherein said amorphous silicon contains 2 atomic 
percent or more of hydrogen (H). 
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27. The exfofiating method accorcfing to claim 26. 
wherein said separation layer comprises at least 
two sub-layers having different compositions or 
characteristics. 

28. The exfofiating method according to either claun 26 
or 27. wherein said separation layer comprises an 
optical absorption layer for absorbing said incident 
light and another layer having a different Composi- 
tion or property from said optical absorption layer. 

2d. The exfoliating method according to any one of 
claims 26 to 28. wherein said separation layer com- 
prises an optical absorption layer for absorbing said 
incident Bght and a shading layer for shading said 
incident tight 

* 

» - . - _ . * - * - * * * 

30. The exfofiating method accorcfing to any one of 
claims 1 to 29, wherein said shacfing layer lies at the 
opposite side of sakf optical absorption layer to said 
incident fight 

31. The exfofiating method according to either claim 29 
or 30, wherein said shacfing layer is a reflection 

layer for reflecting said incident fight 

* 

32. IHe exfofiating method according to daim 31 . 
wherein said reflection layer comprises a metallic 
thinfam, 

33. The exfoliating method according to any one of 
daims 28 to 32. wherein the exfoliation of said sep- 
aration layer occurs by elimination or reduction of 
the adhering force between atoms or molecules in 
the constituent of said optical absorption layer. 

34. The exfoliating method according to any one of 
daims 26 to 33, wherein said separation layer com- 
prises an optical absorption layer cornprising amor- 
phous silicon. 

35. The exfofiating method accorcfing to daim 34. 
wherein said amorphous sificon contains 2 atomic 
percent or more of hydrogen (H). 

36. The exfofiating method accorcfing to any one of 
daims 26 to 33, wherein sakf separation layer com- 
prises a ceramic. 

37. The exfoliating method according to any one of 
daims 26 to 33. wherein said separation layer com- 
prises, a metal. 

3a The exfofiating method according to any one of 
daims 26 to 33. wherein said separation layer com- 
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prises an organic polymer. 
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39. the exfoliating method according to claim 38. 
wherein said organic polymer has at least one 
adhere selected from the group consisting of -C^- 
. -CO-. ^NH^/-NH-/-COO- t -N=lsh, and -CH=N-. 



40. A method for transferring a thin film device on a 
substrate onto a transfer member comprising the 
following steps of. 



fanning a separation layer on said substrate; 
for ming a transferred layer inclucfing said thin 
film device onto said separation layer; 
adhering said transferred layer inclucfing said 
thin film device to said transfer member with an 



irradiating said separation layer with Bght so as 
to cause exfoliation in said separation layer 
and/or at the interface; and 
detaching said substrate from said separation 



41 • A me&tod for transferring a transferred layer irictud- 
tig a thin film device on a substrate onto a transfer 
member comprising: 

a first step for forming an amorphous silicon 
layer on said substrate; 

a second step for forming said transferred layer 
including said thin fflm device on said amor- 
phous silicon layer; 

a third step for adhering said transferred layer 
including said thin film device to said transfer 
member with an adhesive layer; 
a fourth step for irradiating said amorphous sil- 
icon layer with fight through said substrate so 
as to cause exfoliation in said amorphous sili- 
con layer and/or at the interlace and to 
decrease the adhering force between said sub- 
strate and said transferred layer; and 
a fifth step for detaching said substrate from 
said amorphous silicon layer; 

wherein said transferred layer formed in 
said second step comprises a thin film transis- 
tor, and the thickness of said amorphous sili- 
con layer formed in said fust step is smaller 
. than the thickness of the channel layer of said 
thin film transistor formed in said second step. 

42. A method for transferring a transferred layer includ- 
ing a thin film device on a substrate onto a transfer 
member comprising: 



a first step for forming an amorphous; 
layer having a thickness of 25 nm or less on 
said substrate; 

a second step for forming said transferred layer 
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including said thin film device on said amor- 
phous silicon layer; 

a third step for sobering said transferred layer 
incfucfing said thin film device to said transfer 
member with an ao^esive layer ; 
a fourth step for aracfiating said amorphous sil- 
icon layer with fight through said substrate so 
as to cause exfoliation in said amorphous sili- 
con layer and/or at the interface and to 
decrease the adhering force between said sub- 
strate and said transf ened layer; and 
a fifth step for detaching said substrate from 
said amorphous sificon layer. 

43. The method for transferring a transferred layer 
inducing a thin fpm device according to claim 42, 
wherein ~m said first step, said amorphous sfficon 
layer having a thickness of 11 nm or less is formed. 

44. The method for transferring a transferred layer 
inducing a thin tarn device according to any one of 
claims 41 to 43. wherein in said first step, said 
amorphous silicon layer is formed by a low pressure 
chemical vapor deposition process. 

45. A method for trartsf erring a trarrsferred layer includ- 
ing a thin film device on a substrate onto a transfer 

the following steps of : 
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a separation layer onto said substrate; 
forming a sfficon-based optical absorption layer 
on said separation layer; 
forming said transferred layer including said 
thin film device on said silicon-based optical 
absorption layer; 

adhering said transferred layer including said 
thin fpm device to said transfer member with an 
adhesive layer; 

irradiating said separation layer with fight 
through said substrate so as to cause exfolia- 
tion in said separation layer and/or at the inter- 
face; and 

detaching said substrate from said separation 
layer. 



46. Amethodfortransfenmgatra^ 

ing a thin Rm device according to claim 45, wherein 
said separation layer and said optical absorption 
layer comprise amorphous a 
further comprises a step for providing a sfficon- 
based intervening layer between said separation 
layer and said optical absorption layer. 
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47. A method for transferring a transfened foyer irKduo^ 
ing a ton f dm device on a substrate onto a transfer 
member comprising: 

a first step for forming a separation layer on 
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said substrate; 

a second step for forming said transferred layer 
including said thin fflm device on said separa- 
tion layer; 

a third step for adhering said transferred layer s 

inctoding said thin film device to said transfer 

member with an adhesive layer; 

a fourth step for irradiating said separation 

layer with fight through said substrate so as to 

cause exfofiation in said separation layer to 

and/or at the interface; and 

a fifth step fcir detaching said substrate from 

said separation layer; 

wherein, in said fourth step, the stress, 
acting on upper layers above said separation is 
layer in the exfofiation in said separation layer 
and/or at the interface, is absorbed by the proof 
stress of said upper layers above said separa- 
tion layer to prevent trie deformation and break- 
age of said upper layers above said separation 20 
layer.;'' 

48. The method for transferring a transferred layer 
including a thin film device according to dajm 47. 
wherein said method further comprises a step lor 25 
forming a reinforcing layer for securing said proof 
stress at any position in said upper layers above 
said separation layer, prior to said fourth step. 

4a A method for transferring a transferred layer inciud- so 
tng a thin fflm device on a substrate onto a transfer 
member comprising: 

a first step for forming a separation layer On 
said substrate; 3s 
a second step for forming said transferred layer 
including said thin fflm device on said separa- 
tion layer; 

a third step for acihering said transferred ' layer 
including said thin film device to said transfer 40 
member with an adhesive layer; 
a fourth step for irradiating said separation 
layer with fight throu#i said substrate so as to 
cause exfoliation in said separation layer 
and/or at the interface; and 45 
a fifth step for detaching said substrate from 
said separation layer; 

wherein said fourth step includes 
sequential scanning of beams for kK^fly irradi- 
ating said separation layer, such that a region so 
irradiated by the N th beam (wherein N is an 
integer of 1 or more) does not overlap with 
other irradiated regions. 

50. A method for transferring a transferred layer inctud- ss 
ing a thin fflm device on a substrate onto a transfer 
member comprising: 



a first step for forming a separation layer, on 
said substrate; 

a second step for forming said transferred layer 
including said ftm film device on said separa- 
uon layer; 

a third step for adhering said transferred layer 

including said thin fflm device to said transfer 

member with an adhesive layer; 

a fourtii step for irradiating said separation 

layer with light through said substrate so as to 

cause exfofiation in said separation layer 

and/or at the interface; and 

a fifth step for detaching said substrate torn 

said separation layer; 

J..-,Vfnor^,'saW fourth step Includes 
sequential scanning of beams for locally irradi- 
ating said separation layer, such that each 
beam has a flat peak region having the maxi- 
mum optical intensity in the center, and a flat 
peak the N-th beam 

(wherein N Is an integer of 1 or more) does not 
overlap with other irradiated fiat peak regions. 

51. A method for transf erring a transferred layer includ- 
ing a thin film device on a substrate onto a transfer 
member comprising: 

a first step for forming a separation layer on 
said substrate: 

a second step for forming said transferred layer 
inducing said thin film device on said separa- 
tion layer; 

a third step for adhering said transferred layer 

inducing said thin fflm device to said transfer 

member with an adhesive layer; 

a fourth step for irradiating said separation 

layer with 60^ tfrough said substrate so as to 

cause exfofiation; in said separation layer 

and/or at the interface; and 

a fifth step for detaching said substrate from 

said separation layer; 

wherein said fourth step includes 
sequential scanning of beams for locally irradi- 
ating said separation layer, such that each 
beam has tire maximum optical intensity in the 
central region, arid an effective region irradi- 
ated by the N-th beam (wherein N is an integer 
of 1 or more) having an imensity, which is 90% 
or more of the maximum intensity, does not 
overlap with tie other effective regions irradi- 
ated by other beam scanning. 

, • , . • 1* * t i . *.-•*-/ . 1 

52. The method for transferring a transferred layer 
including a thin film device according to any one of 
claims 40 to 51, wherein said substrate is a trans- 
parent substrate, said separation layer is irradiated 
with said incident light through said transparent 
substrat . 
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53. The method for transferring a transferred layer 
inducing a fhm film device according to arty one of 
claims 40 to 51, wherein said method further com- 
prises a step for removing said separation layer 
adhered to said transfer member. 

54. The method for transferring a transferred layer 
foducfing a thin film device according to any one of 
claims 40 to 51 . wherein said transf er member is a 
transpaterrtsUjstrate. 

55. The method for transferring a transferred layer 
incfucfing a thin film device according to any one of 
claims 40 to 51, wherein when fre maximum tern- 
Denature of said transfer member during the forma- 
tion is Tmax, said transfer member comprises a 
material having a glass transition point (Tg) or sof- 
tening point which is lower than Tmax 

56. The method for transferring a transferred layer 
including a thin fOm device according to any one of 
claims 40 to 51, wherein the glass transition point 
(Tg) or softening point of said transfer member is 
lower than said maximum temperature in the proc- 
ess for fofTning said thin fOm device. 

57. The method for transferring a transferred layer 
inchxfing a trwi f3m device according to any one of 
claims 40 to 51, wherein said transfer member 
comprises a synthetic resin or a glass material 

58. The method for transferring a transferred layer 
incfucfing a thin film device according to any one of 
darns 40 to 51, wherein said substrate has heat 
resistance 

59. The method for transf erring a transferred layer 
incfcidBng a toinfam device according to any one of 
claims 40 to 51 , wherein said substrate has a trans- 
mrttance of 10% or more for fight with a wavelength 
of 310 run. 

60. The method for transferring a transferred layer 
including a thin film device according to any one of 
claims 40 to 51, wherein when the maximum tem- 
perature in fte formation of said transferred layer is 
Tmax said substrate comprises a material having a 
ofetortion point of Tmax or more. 

61. The method for transferring a transferred layer 
including a tfun film device according to any one of 
claims 40 to 51, wherein said separation layer com- 
prises amorphous silicon. 

62. The method for tiansferring a transferred layer 
including a thin fSm device according to claim 61, 
wherein said arrkxphous silicon contains 2 atomic 
percent or more of hydrogen (H). 
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63. The method for transferring a transferred layer 
including a thin film device according to daim 62, 
wherein said amorphous sfficon may contain 10 
atomic percent or more of hydrogen (H). 

5 

64. The method for transferring a transferred layer 
inducing a thin film device according to any one of 
claims 40 to 51. wherein said separation foyer com- 
prises st&ooh nitride 

10 

65. The method for transferring a transferred layer 
including a tfiin firn device according to any one of 
claims 40 to 51, wherein said separation layer com- 
prises a hyoVogen-containing attoy. 

15 

66. The method for transferring a transferred layer 
inducing a Ihin f3m device according to any one of 
claims 40 to 51 , wherein said separation layer com- 
prises a nitrogen-containing alloy. 

20 

67. The method for transferring a transferred layer 
incfucfing a thin fflrn device according to any one of 
claims 40 to 51 . wherein said separation layer com- 
prises a mufti -layered flrrt 

25 

68. The method for transferring a trahsferred layer 
inducing a min film device according to claim 67, 
wherein said mufti -tayered f am comprises an amor- 
phous silicon film and a metallic film formed ther- 

30 eon. 

6a The method for tiansferring a transferred foyer 
inducing a thin film device according to claim 40, 
wherein said separation foyer comprises at least 
35 one material selected from me group consisting of 
ceramics, metals, and organic polymers, 

7a The method for transferring a transferred! layer 
inducing a thin firn device according to any one of 
40 claims 40 to 51 , wherein said fight is laser fight 

71. The method for transferring a transferred layer 
inducing a thin film device according to claim 70, 
wherein said laser fight has a wavelength of 100 nm 

45 to 350 run. 

72. The method for transferring a transferred layer 
inducing a thin film device according to daim 70, 
wherein said laser fight may have a wavelength of 

so 350nm to 1,200 nm. 

73. The method for transferring a transferred layer 
inducing a tfiin firn device according to any one of 
claims 40 to 51, wherein said thin fflm device is a 

55 thin film transistor. 

74. The thin film device transferred onto said transfer 
member by a method for transferring described in 
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any one of claims 40 to 51 . 

75. The thin film device according to claim 74, wherein 
said thin film device Is a thin film transistor. 

6 

76. A thin fflm integrated circuit device comprising a 
thin film device transferred onto said transfer mem- 
ber by a method lor transferring described In any 
one of claims 40 to 51. 

10 

77. A GqUd crystal display device comprising: a matrix 
of thin fim transistors, a pixel section comprising 
pixel electrodes each connected to one end of each 
thin fim transistor, and an active matrix substrate 
produced by transferring the thin ftm transistors in 15 
said pixel section by a method described in any one 

of claims 40 to 51. 
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